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FO REWORD 

Programs f o r  the development o f  r a d i a t i o n  hardened mate r ia l s  and 

components f o r  use on the nuclear f l i g h t  stage which u t i l i z e s  one o f  the 

(NERVA) engi ne prototypes c u r r e n t l y  under development requi re  accurate 

c a l c u l a t i o n  o f  the r a d i a t i o n  environments a t  any p o i n t  throughout the 

stage. 

With the frequent conceptual changes i n  the design o f  the nuclear 

vehic le ,  these ca l cu la t i ons  must be rerun p e r i o d i c a l l y  w i t h  new geometries 

and parameters. The t o t a l  r a d i a t i o n  environment associated w i t h  the oper- 

a t i o n  of  a NERWA engine can be considered as a r i s i n g  from the primary r a d i -  

a t i o n  produced by the reactor  du r ing  the burn, and secondary r a d i a t i o n  

emit ted by mater ia ls  and components tha t  have been act ivated by the neutron 

f l u x  produced dur ing the burn and cooldown cycles. 

Computer codes have been developed t h a t  s a t i s f a c t o r i l y  perform 

the computation o f  the primary r a d i a t i o n  environments produced dur ing the 

burn and cooldown cycles o f  the NERVA engine; however, the codes t h a t  are 

c u r r e n t l y  ava i l ab le  t o  compute the secondary r a d i a t i o n  environments are 

1 i m i  ted i n  t h e i  r usefulness and requ i re  improvement. 

It i s  the  ob jec t i ve  o f  t h i s  e f f o r t  under Contract #NAS8-25586 
from Marshall  Space F l i g h t  Center t o  develop an improved code system u t i l -  

i z i n g  only  c u r r e n t l y  proven, operat ional  computer codes w i t h  a minimum o f  

i n t e r n a l  code modi f icat ion.  The INAP ( In tegrated Neutron A c t i v a t i o n  Pre- 

d i c t i o n )  Code System i s  t o  be capable o f  determining the secondary r a d i -  

a t i o n  l eve l s  which r e s u l t  from neutron a c t i v a t i o n  o f  mater ia ls  and compo- 

nents associated w i t h  the nuclear stage and/or hot  f i r i n g  t e s t  stand. 

This repor t  summarizes the r e s u l t s  o f  the Phase A e f f o r t  in which 

appl icable computer codes were to be i d e n t i f i e d ,  reviewed and evaluated f o r  

i nc lus ion  i n t o  the INAP System. From these r e s u l t s  recommendations are made 

f o r  the development and improvement o f  the INAP Code System. 

Approved : Approved : 

Nuclear Anal ys i s Department P rog ram Man age r 
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1 .o I NTRODUCT I ON 

The INAQ ( In tegrated Neutron Ac t i va t i on  Program) Code System i s  

c u r r e n t l y  being developed under contract  t o  NASA/MSFC w i t h  the o b j e c t i v e  t o  

provide a f l e x i b l e  t o o l  f o r  performing neutron a c t i v a t i o n  and a c t i v a t i o n  

gamma sh ie ld ing  ca l cu la t i ons  f o r  evaluat ing space nuclear propuls ion con- 

cepts. Since only  e x i s t i n g  and genera l ly  ava i l ab le  codes were t o  be used 

i n  development o f  the DNAP System, the review o f  appl icable codes i s  an 

important phase of the contract .  It i s  the purpose o f  t h i s  Phase A repor t  

t o  present the reviews of  these codes g i v i n g  the strong and weak po in ts  of  

each code r e l a t i v e  t o  the requi rements o f  the !NAP System and t o  g i ve  

s p e c i f i c  recornendations r e l a t i n g  to  the development of  the INAP Code 

System. These are presented i n  t h i s  repo r t  along w i t h  the support ing in -  

format ion  upon wh i ch the recommendat i ons are based. 

A t  the beginning o f  t h i s  Phase, the resources o f  t he  various 

code centers, the appl i cab le  1 i terature,  and other  data sources were 

examined t o  i d e n t i f y  those codes which p o t e n t i a l l y  could be used i n  the 

development of  the INAP Code System. 

were selected fo r  evaluat ion.  The review and evaluat ion process i s  d is-  

cussed i n  Section 2.0 and the actual  code reviews are presented i n  the 

appendix of t h i s  report .  From these codes, ten were selected t o  be used 

i n  the design of seven proposed neutron a c t i v a t i o n  p r e d i c t i o n  code systems. 

O f  these seven; three were accurate systems, three were engineering code 

systems, and one a dual system which would include options t o  perform 

e i t h e r  accurate o r  engineering ca lcu lat ions.  

and evaluated i n  Section 3.0 

From these sources, over s i x t y  codes 

These systems are described 

F i n a l l y ,  i n  Section 4.0, t he  recommendations f o r  code system 

development and the reasons f o r  developing two separate systems are pre- 

sented. 

l a t i o n s  for  the a c t i v a t i o n  and r a d i a t i o n  t ranspor t  i n  complex three- 

dimensional geometries. The second i s  an engineering system designed t o  

provide a t o o l  t o  perform f l e x i b l e  and economical a c t i v a t i o n  and trans- 

p o r t  ca 1 cu 1 a t  i ons . 

One i s  an accurate system designed t o  perform d e t a i l e d  calcu- 
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2.0 CODE REVIEW AND EVALUATIIO 

Since one o b j e c t i v e  of the contract  was t o  u t i l t z e  e x i s t i n g  

technology i n  development of the  IMAQ System, the i n l t l a l l  task was t o  com- 

p i l e  documentation and other  informat ion r e l a t i n g  to  codes t h a t  would be 

p o t e n t i a l  candidates fo r  use i n  the lMAP System. By searching the abst racts ,  

reports,  code documentation and other  l i t e r a t u r e  provided by Radiat lon 

Shie ld ing Informat ion Center, Argsnne Code Center, Brookhaven Nat ional  L 
oratory ,  NASA, Nuclear Science Abstracts, Computer Review Abstracts, Corn- 

pu te r  and Informat ion Systems Abstracts, and u. s. Government Research and 

Development Reports, over s i x t y  p o t e n t i a l l y  appl icable codes were I d e n t i f i  

and categorized as fol lows: 

Monte Carlo 
Discrete Ordinates 
Remova 1 D i f f us i on 
Gamma Ray Shielding 
Ope r a t  iona 1 B r i  dg i ng 
Neutron A c t i v a t i o n  
Cross Sect i ons 

The codes reviewed are summarized i n  Table I f o r  each of  these categories. 

Note that ,  t o  a large extent,  the codes are categorized according t o  the 

numerical method used rather  than t h e i r  f unc t i on  i n  the code system. 

The code review process was begun by completing, f o r  each 

o f  the codes i n  Table I, a code review form summaritin the capabl 1 i t i e s  

and l i m i t a t i o n s  o f  t h a t  code r e l a t i v e  to  the requirements o f  the !NAP 

Code System. These completed forms are presented i n  the.Appendix 

o f  t h i s  repor t  and are grouped according to  the categor les given 

above. 

Radiat ion Shie ld ing Informat ion Center f o r  the i r  code a6stracts.  

The format used f o r  t h i s  form i s  s i m i l a r  t o  t h a t  used by the 

Each code review presents a b r l e f  desc r ip t i on  of the code 

inc lud ing methods employed i n  the c a l c u l a t i o n  and i d e n t i f i e s  the computer 

hardware and software on which the code i s  known t o  be i n  productlion 

s tatus.  Any l i m i t a t i o n s  on t he  code c a p a b i l i t i e s  a re  enumerated and 

estimates of t y p i c a l  running times a re  presented h e n  such ln format lon 

i s  avai lab le.  It should be po in te  o u t  t h a t  informat ion presented i n  

the code reviews i s  p r i n c i p a l l y  from p u b ~ ~ ~ h e d  l i t e r a t u r e ,  code center 
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abst racts  and code users manuals. Therefore, the reviews do not  r e f l e c t  

the modif ied, re f i ned  but  undocumented versions t h a t  may be ava i l ab le  a t  

various f a c i l i t i e s .  U n t i l  documentation i s  complete and ava i l ab le  w i t h  

sample problems for  modif ied versions of a code, the  vers ion i s  no t  use fu l  

t o  any organizat ion except the one where i t  was developed, and therefore,  

such codes could not  be considered f o r  use i n  the INAP System. 

The most important in format ion i n  the code evaluat ions i s  found 

i n  the C r i t i c a l  Review Section. Here the s t rong and weak po in ts  of the 

code r e l a t i v e  t o  the requirements of the INAP Code System are  given 

along w i t h  o ther  c a p a b i l i t i e s  o r  unique features which are re levant  t o  

the evaluat ion o f  the code f o r  use i n  the INAP System. However, if 
the code had an obvious de f ic iency  which e l iminated i t  from fu r the r  

considerat ion,  the reasons f o r  not  consider ing the code are  given and 

no fu r the r  informat ion on the code i s  provided. The most common reasons 

fo r  immediate e l im ina t i on  were: s i g n i f i c a n t  por t ions  o f  the code pro- 

grammed i n  machine language o r  o ther  non-Fortran programming language; 

the codes were too specia l ized or r e s t r i c t e d  o r  were not ava i l ab le  

w i t h  s u f f i c i e n t  documentation and sample problems. A summary o f  the 

reasons f o r  re jec t i ng  those codes not  considered acceptable i s  shown i n  

Table I t .  Note t h a t  the cross sect ion codes and data f i l e s  a re  no t  

included i n  t h i s  Table s ince the ob jec t i ve  for reviewing those codes 

was t o  ind ica te  t h e i r  s u i t a b i l i t y  f o r  use i n  f u t u r e  improvements of  

the INAP Code System. 

As a r e s u l t  o f  the code review and evaluat ion,  ten codes 

were selected as being p a r t i c u l a r l y  w e l l  su i ted  f o r  i n teg ra t i on  i n t o  

a neutron a c t i v a t i o n  p red ic t i on  code system. O f  these, four were the 

Monte Car lo  t ranspor t  codes: WO SE, FASTER, 06R and OGRE: two were 

the d i sc re te  ordinates t ranspor t  codes, BOT and AN ; and two were the 

neutron a c t i v a t i o n  codess NAP and NAC. Also,  the p o i n t  kernel i n teg ra t i on  

code, KAPW, and the operat ional  b r idg ing  code, DAS were i d e n t i f i e d  

a s  strong candidates. The c r i t i c a l  reviews of each of these codes present 

the var ious advantages and disadvantages o f  these codes i n  more d e t a i l  than 

given f o r  codes which were e l iminated dur ing the code evaluat ion.  

ten component codes were then incorporated i n t o  seven proposed code system 

designs which were then evaluated 

des i rab le code system. ~ h e r e f o ~ ~ ~  the reasons f o r  r e j e c t i n g  those codes 

used i n  the a l te rna te  desi d i n  the next sect ion.  

These 

nd compared t o  determine the most 
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TABLE 1 6 .  S U M M ~ ~ Y  OF REASONS FOR REJECTION OF CODES 
REVIEWED FOR THE INAP SYSTEM 

MONTE CARLO 

CS - Machine language 
TRG-SGD - Wr i t ten  for  s p e c i f i c  problems 

- Restr ic ted app l ica t ion ,  machine language 
L imi ted app l i ca t i on  t o  parametric and a n a l y t i c  s tud ies - Code i s  l i m i ~ t e d  and d i f f i c u l t  to use, replaced by CAVEAT - Not ava i l ab le  w i t h  sample problem 

-2 - Inadequate programmers manual, very  d i f f i c u l t  t o  modify 
S - Geometry and cross sect ions inadequate - Not s u f f i c i e n t l y  general 

FMC - Geometry res t r i c ted ,  machine language 

SORS - L lmi ted  f l e x i b i l i t y  for modeling complex geometry 
SAM-C - Inadequate programmers manual, very d i f f i c u l t  t o  modify 

DISCRETE ORDl NATES 

DTF I V  - ANISN more e f f i c i e n t  
FIRN - Rest r i c ted  i n  genera l i t y  and f l e x i b i l i t y ,  machine language 
2DF - Problem s ize  and documentation l i m i t e d  
NIOBE - L imi ted  t o  small  problems, machine language 
TAPAT - Rest r i c ted  app l ica t ion ,  requi res intermediate data handl ing 
ODD-K - L imi ted appl i c a t i o n  
TDSN - L imi ted geometry, machine language 

N - L iml ted geometry, general vers ion no t  ye t  ava i l ab le  

REMOVAL D I  FFUS I ON 

MAC - L imi ted  geometry 
NRN - Not considered t o  be a proven code 
2D5 - D i f f u s i o n  theory on ly  
DOT/2BB - Mot released to  code center nor ava i l ab le  
NEFIWS - Accuracy 1 imited, p a r t  machine language 
KDLlBE - Inaccurate f o r  low energy neutrons 

1 4 - X  - Reprogramming t o  For t ran IW requi red 
QAD-X .. Has no features t h a t  are not  found i n  KAPW 
GGG - Code and documentation not  ava i lab le ,  no unique features 

CK - Not general or f l e x i b l e ,  not  ava i l ab le  - Not i n  usel no t  ava i l ab le  
.. No des i rab le  features - L imi ted  geometry - Extensive reprogramming requi red 

OPERATIONAL BRIDGING 

N-X - Inadequate angular d e t a i l  f o r  b r i dg ing  ca l cu la t i ons  
NAGS - More recent b r i dg ing  codes perform same func t ions  
PERT t W  - Not app l i cab le  to !NAP System 
MAP - Both documentation and code no t  y e t  ava i l ab le  

NEUTRON ACT I VAT I ON 

ACT I - Not as general as NAC o r  NAP 
ACT I I  - Mot as general as NAC o r  NAP 
ISOCRUNCH - Considers on ly  one neutron group, no gamma source ca lcu la ted  
BREMRAD - Considers on l y  bremsstrahlung 
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geometries described by one space dimension, wh i l e  the d i sc re te  ord inates 

method has been l i m i t e d  to:  two-dimensional, f i n i t e ,  a x i a l l y  symmetric 

c y l i n d r i c a l  geometries; i n f i n i t e l y  long para l le lop ipeds;  and i n f i n i t e l y  

long, asymmetric cy l inders .  Only the Monte Car lo method s a t i s f i e s  both 

requirements of the accurate system, Therefore, f o r  both the neutron 

t ranspor t  and the gamma ray sh ie ld ing  modules o f  the accurate systems, 

i t  was necessary to u t i l i z e  Monte Car lo t ranspor t  codes. I t  was also 

found to  be advantageous to u t i l i z e  the same Monte Car lo code, where 

possible,  f o r  both the neutron t ranspor t  and gamma ray sh ie ld ing  modules. 

This permits the user o f  the  code system to set up the geometry model 

f o r  both modules a t  the same time. 

The neutron ac t i va t i on ,  i so top i c  decay, and gamma ray source 

ca l cu la t i ons  are not inherent ly  l i m i t e d  by numerical approximations requi red 

t o  solve i n t r a c t a b l e  equations, bu t  ra ther  are l i m i t e d  by the  amount and 

accuracy o f  a c t i v a t i o n  data and the computer time and storage space 

ava i lab le .  The neutron a c t i v a t i o n  code which o f f e r s  the greatest  f l e x -  

i b i l i t y  and c a p a b i l i t y  f o r  accuracy i n  t h i s  regard i s  HAP. Therefore, 

NAP was the o n l y  a c t i v a t i o n  code used f o r  the accurate system. Based 

on these considerat ions and the resu l ts  o f  the reviews described i n  Section 2.0, 
the fo l low ing  accurate code systems were proposed: 

M O ~ S E - ~ A P - M O ~ S E  

06 R-NAP -0G RE 

Each o f  these w i l l  be discussed i n  d e t a i l  below. 

3.1.1 The MORSE-NAP-MORSE Accurate Code System 

The new mul t igroup Monte C a r l o  code, MORSE, can be used for  

both the neutron and gamma t ranspor t  modules of  an accurate neutron 

a c t i v a t i o n  code system as shown i n  Figure 2. I n  t h i s  f igure ,  the 

items i n  the l e f t  column summarize e x t e r n a l l y  prepared data i n p u t .  

The proposed input  media (ice.$ punched cards, magnetic tape, e tc . )  

f o r  each o f  these input  items is  shown i n  parentheses. The items i n  

the r i g h t  column def ine  codes to  be used i n  the in tegra ted  system and 

the data t h a t  must be t rans fer red  between the codes. The t rans fer  media 

f o r  t h i s  i n t e r n a l l y  generated data ire 'shown i n  parentheses to  the r i g h t  

of the ~ o r r @ ~ ~ o n ~ ~ n ~  box, The P code would be use 

source ca l cu la t i on .  
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Assuming the app l ica t ion  o f  the code system t o  be f o r  p r e d i c t i n  

ac t i va t i on  resu l t i ng  from a neutron source produced by a nuclear reactor, 

input t o  the code system would be the reactor core neutron leakage source; 

core, s t ruc tu re  and sh ie ld  geometry descr ipt ion;  mater ia l  d i s t r i b u t i o n  

and cross sections; detector locat ions and biasing. MORSE is then used 

to perform the neutron transport  ca lcu la t ion  

averaged neutron f l u x  d i s t r i b u t i o n  f o r  input t o  NAP. The data t rans fer  

from MORSE t o  NAP f o r  a t yp i ca l  problem would consis t  o f  only about $00 

cards. This region averaged f l u x  d i s t r i b u t i o n  i s  then used by NAP to  

nd generate a region 

compute a time integrated gamma source for each ac t i va t i on  region. The 

data t ransfer  from NAP t o  MORSE would t y p i c a l l y  cons is t  of on ly  about 

150 cards. MORSE i s  then used t o  ca lcu la te  the g a m  dose a t  spec i f ied 

detector locat ions.  

This code system has several s i g n i f i c a n t  advantages. The 

MORSE code being the most recent ly  developed o f  the general Monte Car lo 

codes, has been st ructured i n  a very convenient modular form t o  a l low the 

user the f l e x i b i l i t y  t o  adapt the code t o  the p a r t i c u l a r  problem a t  

hand. A l s o ,  the code has e f f i c i e n t  geometry rout ines f o r  locat ing 

co l l i s i ons ,  e tc .  and region albedos that  can be spec i f ied  t o  reduce 

p a r t i c l e  t rack ing i n  unimportant regions. These two aspects alone can 

s i g n i f i c a n t l y  reduce the running time. 

compatible i n  content and format w i t h  those f o r  the proposed e n ~ i n e e ~ ~ ~  

system t o  be discussed la te r .  

documentation, would contr ibute t o  the ease o f  incorporat ing MO 

i n t o  the [NAP System. 

The mult igroup cross sections are 

These features, along w i t h  very good code 

I n  s p i t e  of these advantages, however, development of an 

accurate neutron ac t i va t i on  code system w i t h  the desired features us in  

the current version o f  MORSE would be q u i t e  d i f f i c u l t .  

input requirements are rather  cumbersome r e  a t i v e  t o  other recent ly 

Monte Carlo codes, although i t  can adequately model the geometry ne 

for  both the neutron and g a m  transport  

i s  tha t  MORSE accepts on ly  a po in t  source. 

problem may o f ten  be spec i f i e  

and the f a c t  t 

F i r s t ,  the? g 

roblems. The second d i f f i c u l t y  

Since the.neutron transport  

as a b o u ~ ~ a r y  o r  a d i s t r i  
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o f  a d i s t r i b u t e d  source, t he  cu r ren t  vers ion of  MORSE is unacceptable 

P System. The modt f lcat ions required t o  make MORSE compatible 

are those necessary to  incorporate the fo l l ow ing  c a p a b i l i t i e s :  

Randomly determine the source region or boundary 
based on input weight ing parameters 

Randomly choose the source p o i n t  i n  the region 
ected. This requires a g m e t r y  r o u t i n e  t o  
pde frm regions bounded y quadrat ic surfaces 

@ Randm?y ch se d i r e c t i o n  cosines based on an 
op ic  d i s t r i b u t i o n  

Determine the p a r t i c l e  weight 

nother d i f f i c u l t y  i n  i n t e g r a t i n g  the code system i s  i n  the 

RSSE output. A t  present, D"1 ASE considers only p o i n t  detectors 

a t  region boundaries whereas AP input  requi res average f luxes i n  a 

region. I t  would therefore be necessary t o  modify MORSE t o  t r e a t  volume 

detectors However s i nce onte Carlo codes estimate region average 

f l uxes  easier than p o i n t  f luxes, i t  i s  not  expected t h a t  t h i s  mod i f i ca t i on  

w i l l  be d i f f i c u l t .  An a l t e r n a t i v e  i s  t o  use the  p o i n t  f l u x  as a region 

averaged f l u x  al though i t  is felt t h a t  th is  approach i s  n o t  adequate 

fo r  the accurate code system. 

3.1.2 

A flow char t  descr ib ing t h i s  system i s  shown i n  Figure 3. 
This char t  i s  i d e n t i c a l  i n  o v e r a l l  s t ruc tu re  w i t h  t h a t  o f  the previous 

code system and again the quan t i t y  o f  data t ransferred between the code 

system modules w i l l  be about the same as the previous system. The major 

d i f f e rence  here i s  t h a t  i t  employs a d i f f e r e n t  Monte Car lo code f o r  the 

neutron t ranspor t  module than t h a t  used f o r  gamma ray sh ie ld ing  module. 

Howeverp geometry input  is i d e n t i c a l  f o r  both codes so t h i s  system should 

be no less convenient than the previous system i n  t h i s  respect. 

neutron t ranspor t  n t e  Car lo code, used f o r  the 

neutron t ranspor t  module, i s  an improved and updated version o f  the 05R 
program. The improvements incorporated i n t o  the 0 6 ~  version are given 

eview f o r  05R/06R i n  the Appendix. The OGRE-G gamma ray 

t ranspor t  Monte Carlo code is used i n  the g a m  t ranspor t  module o f  
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FIGURE 3 .  THE O6R-NAP-OGRE ACCURATE CODE SYSTEM 
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t h i s  code system. The p r i n c i p a l  advantage of  t h i s  system i s  t h a t  bo th  

05R/06R and OGRE-G have been used a t  Oak Ridge for  a r e l a t i v e l y  long 

per iod  o f  t ime and a re  wet1 v e r i f i e d  and documented. However, they 

are n o t  wide ly  used i n  the sh ie ld ing  community s ince the user must perform 

a s i g n i f i c a n t  amount o f  programming to solve problems o f  moderate com- 

p l e x i t y .  I n  add i t ion ,  i n teg ra t i ng  these codes i n t o  an INAP system would 

invo lve a great deal o f  p rograming e f f o r t .  

language subroutines i n  both 05R/06R and OGRE-G which would requi re 

reprogramming i n  For t ran 1 W .  Then a preprocessor would be required t o  

process r e s u l t s  from the c o l l  i s i o n  tape produced by 0 6 ~  i n t o  a form 

compatlble w i t h  the requirements o f  NAP. Such a preprocessor could 

be prepared by u t i l i z i n g  some o f  the subroutines o f  an e x i s t i n g  analys is  

rou t i ne  such as SATEST o r  ACTIFK. However, the la rges t  programming 

t a s k  would be the development o f  the  preprocessor t o  take the NAP 

output  and prepare the  volume source input  t o  OGRE-G. O G R E - G  i s  

s t ruc tu red  to accept a tape which contains a descr ip t ion  o f  the l oca t i on  

and energy o f  the source p a r t i c l e s  t o  be tracked. Therefore, the  NAP 

t o  OGRE preprocessor would, i n  e f f e c t ,  have t o  be a general geometry 

Monte Car lo source rou t i ne  capable o f  rece iv ing  NAP output and c rea t i ng  

the appropr ia te in format ion to  descr ibe the  s p a t i a l  and energy dependent 

source f o r  OGRE. 

F i r s t ,  there are  machine 

The 06R and OGRE codes were developed w i t h  the purpose o f  

achieving general a p p l i c a b i l i t y  to a broad c lass  of t ranspor t  problems 

by prov id ing  the basic funct ions o f  the Monte Car lo procedures i n  a 

s t ra igh t fo rward  modular form which i s  convenient ly adapted t o  the users 

requirements. This, o f  course, assumes t h a t  the user i s  very sophis t icated 

i n  the app l i ca t i on  o f  Monte Car lo techniques. Therefore, i f  the 

06R-NAP-OGRE system is selected, i t  w i l l  be necessary t o  e i t h e r  expend a 

s i g n i f i c a n t  amount of  p rograming e f f o r t  t o  develop the necessary 

processors o r  requ i re  the user o f  the  INAP System t o  perform the  necessary 

programming f o r  each problem t o  be t rea ted  w i t h  the accurate system. 

3.1.3 The FASTER-NAP-FASTER Accurate Code System 

A f l o w  cha r t  descr ib ing the FASTER-NAP-FASTER system i s  

shown i n  Figure 4 w i t h  the media ( i + e . ,  magnetic tape o r  punched cards) 
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o f  the data input in to ,  and data t r a n s f e r  between, each module i nd i ca ted  

as before. The bas ic  s t r u c t u r e  o f  the FASTER-NAP-FASTER accurate system 

i s  i d e n t i c a l  t o  t h a t  of the MORSE-NAP-MORSE system described i n  the 

preceding sect ion w i t h  e s s e n t i a l l y  the same quan t i t y  o f  data t r a n s f e r  

between modules. 

Relat ive t o  the other  codes examined, the FASTER Monte 

Carlo code, is a t  present, the most i d e a l l y  s t ruc tu red  to handle the 

complex geometry and m u l t i p l e  source region requirements o f  the INAP 

system. I n  fact ,  t h i s  was the on ly  complex geometry Monte Car lo code 

tha t  i s  documented and genera l ly  a v a i l a b l e  t h a t  i s  capable of  t r e a t i n g  

both neutron and gamma ray t ranspor t  w i t h  general volume sources and 

region detectors w i thou t  the necessi ty o f  incorporat ing program modi- 

f i c a t i o n s  beyond the scope o f  the e f f o r t .  A f u r t h e r  advantage of the 

FASTER system i s  t h a t  a l l  the necessary analys is  rout ines are present ly  

contained i n  the FASTER program so t h a t  no a d d i t i o n a l  programs o r  

processors would be required i n  the neutron t ranspor t  o r  gama ray 

s h i e l d i n g  modules to ob ta in  the desired output  from these modules. 

s ince both the FASTER and NAP codes are programmed e n t i r e l y  i n  ASA 

FORTRAN I V ,  there i s  no reprogramming required other  than t h a t  necessary 

t o  i n teg ra te  the codes i n t o  a system. The o the r  three Monte Car lo codes 

used f o r  the code system evaluat ions have one o r  more subroutines 

programmed i n  a machine language. 

Also, 

The FASTER-NAP-FASTER code system should requ i re  less computer 

time f o r  s i m i l a r  problems than the other  two accurate code systems since 

FASTER uses several "short cuts" i n  the Monte Car lo procedure. That i s ,  

p a r t i c l e  slowing down models a re  weighted by the source d i s t r i b u t i o n  and 

averaged t o  be used as sampling d i s t r i b u t i o n s ;  po in t  kernel expressions 

are used t o  approximate importance funct ions;  the energy v a r i a b l e  i s  

t reated a n a l y t i c a l l y ;  and group averaged neutron cross sect ions are used. 

However, t h i s  use of "short cuts" i n  the Monte Carlo procedure i s  a l s o  

the c h i e f  disadvantage o f  the FASTER-NAP-FASTER System. 

when an analog ( i . e a s  unbiased p a r t i c l e  s imulat ion)  Monte Carlo i s  run 

w i t h  successively l a r g e r  numbers o f  p a r t i c l e  h i s t o r i e s  the answer obtained 

w i l l  approach the exact r e s u l t .  For the procedure used i n  FASTER, t h i s  

I n  theory, 
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may not be the case. 

the FASTER code i s  l i m i t e d  by factors other than the number o f  p a r t i c l e  

h i s t o r i e s .  Probably, f o r  t h i s  reason, the FASTER code has not  been widely 

used i n  the community since many f e e l  f u r t h e r  v e r i f i c a t i o n  o f  the techniques 

employed are required. 

has shown that  the code gives r e l i a b l e  resu l t s  which are s u f f i c i e n t l y  

accurate f o r  most p r a c t i c a l  appl icat ions.  I n  summary, although the FASTER 

code represents a degree o f  approximation greater than other Monte 

Carlo codes, t h i s  w i l l  not impose a p rac t i ca l  l i m i t  on the c a p a b i l i t i e s  

o f  an accurate INAP System based upon the FASTER code. 

Therefore, the u l t ima te  accuracy a t ta inab le  by 

However, experience w i t h  the FASTER code a t  TRW 

3.2 Engineering Systems 

The object ive of  an engineering neutron a c t i v a t i o n  p red ic t i on  code 

system i s  t o  economically and e f f i c i e n t l y  perform the a c t i v a t i o n  and sh ie ld ing 

analysis w i t h  s u f f i c i e n t  accuracy t o  s a t i s f y  most engineering requirements, 

For such a system i t  i s ,  of  course, necessary t o  s a c r i f i c e  somewhat the pre- 

c i s i o n  o f  the numerical approximation t o  the problem and/or the c a p a b i l i t y  

t o  model complex mater ia l  structures.  

For the determination o f  neutron a c t i v a t i o n  i t  i s  desirable t o  

perform the neutron t ranspor t  ca lcu lat ions w i th  a method which accurately 

t rea ts  the s e l f  sh ie ld ing  o f  small, h igh l y  absorbing regions which are 

l i k e l y  t o  be important cont r ibutors  t o  the a c t i v a t i o n  source. However, 

since the region tha t  i s  h i g h l y  act ivated i s  usual ly  r e l a t i v e l y  l oca l l zed  

around the neutron source the requirement for  t r e a t i n g  complex three- 

dimensional geometries may be relaxed. 

For the a c t i v a t i o n  gamma ray t ransport  ca l cu la t i on  i t  i s  desirable t o  

use a method which models complex geometries accurately since the sh ie ld ing  and 

other  s t r u c t u r a l  conf igurat ions between the act ivated regions and r a d i a t i o n  

sens i t i ve  areas are l i k e l y  t o  be q u i t e  complex. Therefore, i t  i s  nec 
sary tha t  the gamma ray sh ie ld ing  module o f  the code system t r e a t  GO 

three-dimensional geometries. 

i n teg ra t i on  methods are both capable of t r e a t i n g  complex geometries but 
the p o i n t  kernel 

approximate manner wh i l e  the Monte Car lo method requires much more computer 

time. However, the assumpt n t  to  the po in t  kernel method 

well sui ted t o  ep a t ransport  proc 

The Monte Carlo t ransport  and po in t  kernel 

thod models the gamma ray t ransport  process i n  a more 
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Since cumulative dose and dose r a t e  w i l l  usua l l y  be desired a t  

several times, i t  w i l l  be necessary t o  repeat the gamma t ranspor t  calcu- 

l a t i o n  several times f o r  each s ing le  neutron t ranspor t  ca lcu la t ion .  There- 

fore,  minimum running t ime i s  a very important considerat ion f o r  the gamma 

ray sh ie ld ing  module. For these reasons a p o i n t  kernel  i n teg ra t i on  code 

was selected fo r  the gamma ray sh ie ld ing  module of each o f  the  a l t e r n a t i v e  

engineer ing code systems. 

The NAP code i s  genera l ly  prefer red f o r  the a c t i v a t i o n  and gamma 

ray source ca lcu la t ions  s ince the amount o f  t ime required t y p i c a l l y  f o r  

the decay chain and gamma source s t rength ca lcu la t ions  w i l l  not be con- 

t r o l l i n g  when compared w i th  the neutron and gamma t ranspor t  ca l cu la t i ona l  

time. However, i f  a s ing le  processing machine such as the IBM 7094 i s  used 

the tape manipulat ions, which requi re much more t ime than i s  required fo r  

computations i n  NAP, must be pa id  f o r  a t  the f u l l  machine rate.  Therefore, 

an engineer ing system was proposed u t i l i z i n g  the s i m p l i f i e d  vers ion of NAP, 

NAC, which could be used f o r  a s ing le  processing machine. 

Using the codes t h a t  have passed the c r i t i c a l  review and based 

on the  above considerations, three engineer ing systems were proposed. 

These are: 

DOT-NAP-KAPV 
DOT-NAC-KAPV 
AN I SN-NAP-KAPV 

Each of these w i l l  be discussed i n  the fo l lowing sections. 

3.2.1 The DOT-NAP-KAPV Engineering Code System 

This code system design, shown i n  Figure 5, employs the two- 

dimensional d i sc re te  ordinates code, DOT, f o r  the neutron t ranspor t  module 

and the po in t  kernel  i n teg ra t i on  code, KAPV, for the gamma ray sh ie ld ing  

module. The NAP code i s  used for the a c t i v a t i o n  and decay chain module. 

The DOT code w i l l  accept e i t h e r  a volume d i s t r i b u t e d  i s o t r o p i c  source 

from a reactor  core ca l cu la t i on  or an angular dependent f l u x  inc ident  on 

one o r  two surfaces. 

obtained by a previous ca lcu la t ion .  

cards alone o r  by punched cards and magnetic tape. The source d i s t r i b u t i o n  

and mater ia l  cross sect ions which are the la rges t  input arrays may be input  

This  angular dependent boundary source may be 

Input t o  DOT may be e i t h e r  by punched 
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us ing e i t h e r  media. DOT then determines the s p a t i a l  and energy dependent 

f l u x  a t  prescr ibed s p a t i a l  mesh throughout the problem domain, DOT would 

be modif ied t o  average t h i s  f l u x  over speci f ied zones, punch cards i n  a 

format compatible w i t h  MAP requirements, and punch the source geometry 

spec i f i ca t i on  cards for  WPV. NAP would be modif ied t o  prepare a tape 

f o r  KAPV g i v i n g  the gama source by energy group, region index, and t ime 

index. 

source tape prepared by MAP and p r i n t  desired output. 

F i n a l l y  KAPW would be modified t o  run m u l t l p l e  cases from the 

This system has several very a t t r a c t i v e  features w i t h  respect t o  

the requirements of the INAP Engineering System. F i r s t ,  there i s  a wide 

range o f  f l e x i b i l i t y  i n  t h a t  BOT may be run f a i r l y  r a p i d l y  w i t h  a few 

energy groups and low order quadrature for quick engineering estimates or 

i t  may be run accurately w l t h  d e t a i l e d  energy s t ructure,  large number of 

s p a t i a l  mesh, and h igh order quadrature f o r  accurate ca lcu lat ions.  A lso,  

the neutron t ranspor t  module approximates the geometry but t r e a t s  the 

t ranspor t  process accurately w h i l e  the gama ray sh ie ld ing  module t r e a t s  

the complex geometry accurately but  approximates the t ranspor t  process. 

Since regions of h igh neutron f l u x  are l oca l i zed  wh i l e  the gamma ray t rans- 

p o r t  must be determined i n  widely despersed shields of  complex shapes, i t  

i s  c l e a r  t h a t  the major approximations are made i n  the co r rec t  places fo r  

the requirements of the INAP System. 

As a f u r t h e r  advantage, both the DOT and KAPV codes are widely 

used i n  the s h i e l d i n g  community so t h a t  neutron cross sections, quadrature 

sets, b u i l d  up factors etc.  are genera l ly  ava i l ab le  i n  the appropr iate 

fomats for  these codes. Also t he  a x i a l l y  symmetric geometry representat ion 

o f  the DOT code i s  consistent w i t h  the source geometry s p e c i f i c a t i o n  o f  the 

KAPV code. F i n a l l y ,  a l l  three of the codes, DOT, NAP, and KAPV are we l l  

documented and a l l  are i n  standard ASA FORTRAN 1V r e l a t i v e l y  e a s i l y  modi- 

f i e d  t o  run on d i f f e r e n t  computer systems. 

The p r i n c i p l e  disadvantage of t h i s  system i s  tha t  some experience 

w i t h  two-dimensional d i sc re te  ord inates codes i s  required. That i s ,  the 

se lec t i on  of appropr iate mesh spacing, quadrature sets, and mult igroup 

s t ructures are important f o r  ob ta in ing  accuracy w i t h  the minimum running 

t ime.  However, due t o  the wide use o f  two-dimensional d i sc re te  ordinates 
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ca lcu la t ions  there i s  a great deal of  both data and advice ava i l ab le  i n  
the open l i t e r a t u r e .  Also t h i s  system w i l l  requi re  more computation t ime 

than e i t h e r  of the o ther  two engineer ing systems proposed, however, i t  i s  

a great deal more f l e x i b l e  than the o ther  systems. 

3.2.2 The DOT-NAC-KAPV Engineering Code System 

Th is  engineer ing code system, shown i n  Figure 6, employs the same 

codes as the previous system f o r  the neutron t ranspor t  and gama ray sh ie ld-  

i n g  modules. However, NAP i s  replaced by HAC f o r  the a c t i v a t i o n  and decay 

chain module. The NAC code i s  a s i m p l i f i e d  and less general vers ion o f  

NAP. The major r e s t r i c t i o n  o f  NAC i s  t h a t  the neutron f l u x  i s  accepted 

on ly  i n  a four  group energy s t ruc tu re  which may no t  be a l te red  wi thout  pro- 

gram and cross sect ion l i b r a r y  modi f icat ions.  

l a t i o n s  are truncated a f t e r  three generations instead o f  four  as i n  NAP. 

This code system would be advantageous if i t  i s  t o  be used on a computer 

system wi thout  a mult iprocessing c a p a b i l i t y  such as the IBM 7094. Since 

NAP spends a great deal of t ime i n  per iphera l  operat ions ( i .e.,  tape 

reading, rewinding, e tc ) ,  rep lac ing NAP w i t h  NAC w i  1 1  s i g n i f i c a n t l y  reduce 

the cost of operat ing the engineering Code system on such a machine. 

However, the c a p a b i l i t i e s  o f  t h i s  code system would be s i g n i f i c a n t l y  less 

than the previous system. The DOT code i s  recommended f o r  the neutron trans- 

p o r t  module since neutron t ranspor t  problems invo lv ing  four  energy groups 

are, o r d i n a r i l y ,  not too large o r  long running on an I B M  7094 and the cap- 

a b i l i t y  t o  approximate the geometry of  the ac t iva ted  regions i n  two dimensions 

i s  retained, 

A lso the decay chain calcu- 

Th is  code system s a c r i f i c e s  a great deal o f  f l e x i b S l i t y  i n  order 

to  reduce the problem s ize.  C lear ly  t h i s  s a c r i f i c e  i s  not  j u s t i f i e d  if 

the code system i s  developed f o r  a mul t iprocess ing computer system. 

3 . 2 . 3  The ANISN-NAP-KAPW Engineering Code System 

The f i n a l  engineering code system proposed i s  shown i n  Figure 7. 
This system consists of the one-dimensional, d i sc re te  ord inates code 

ANISN;  the a c t i v a t i o n  source code NAP; and the p o i n t  kernel  gamma t ranspor t  

code KAPV. The data t rans fer  i n  t h i s  system i s  s i m i l a r  t o  t h a t  of the t w o  

preceding systems. 
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FIGURE 6 .  THE DOT-NAC-KAPV ENGINEERING CODE SYSTEM 
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se of i n t e g r a t i o n  w i t h  NAP. 

s e  

MAP being the  most general code f o r  ea l c  

sources, was se lected f o r  the  a c t i v a t i o n  

w h i c h  al lows energy dependent f l u x  t o  be c o r r e c t l y  included i n  

ca lcu la t ion .  The i n t e g r a t i o n  of 

s o l u t i o n  o f  an ANISN problem requires a l a rge  number of spa 

(approximately 10 meshhean f r e e  path), 

w i l l  usua l l y  be considered i n  WAP. Averaging the  f l u x  over several i n t e r -  

va ls  i n  ANISN can be e a s i l y  done through use o f  tones. The code present ly  

computes volume integrated f luxes i n  each tone. The on ly  ~ d ~ f i c a t ~ o n  

necessary there fo  

A 

read the f luxes  d 
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F I GURE 7 AN I SN-MAP- KAPV Sys tern 
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photons/second f o r  each region and input  these values I n t o  KAPV as a ser ies 

o f  p o i n t  sources a t  the region centro ids.  A second method which i s  more 

exact i s  t o  use cy1 i n d r i  c a l  geometry t o  model regions and then use a cy1 1 n- 
d r i c a l  source i n  WPV. The f i r s t  method i s  recommended because i t  i s  sim- 

p l e r ,  i t s  accuracy i s  cons is tent  w i t h  other  approximations and f o r  many 

s i t u a t i o n s  w i l l  provide s u f f i c i e n t  accuracy fo r  engineering evaluat ion o f  

mater ia ls .  The data t ransfer  from NAP t o  KAPV w i l l  cons is t  o f  the photon 

source fo r  each a c t i v a t i o n  region I n  each gamma group f o r  each dose time 

To. For a t y p i c a l  problem w i t h  10 a c t i v a t i o n  zones, 10 gamma groups and 

6 dose times requires 600 pieces o f  data or 100 cards. 

3.3 Dual Systems 

The design of a dual system which w i l l  operate s a t i s f a c t o r i l y  

both as an accurate or as an engineering system on op t i on  i s  d i f f i c u l t  when 

ava i l ab le  codes are t o  be used and when the amount o f  add i t i ona l  programming 

required t o  i n teg ra te  the system i s  t o  be minimized. Even i f  these r e s t r i c -  

t i ons  were removed developing such a system would be no easy task. The only  

t ranspor t  method which i s  capable of  both accurate ca l cu la t i ons  i n  complex 

three-dimensional geometries and approximate ca l cu la t i ons  i n  s i m p l i f i e d  

geometries i s  the Monte Car lo  method. However, f o r  simple geometries the 

Monte Car lo method i s  much less e f f l c i e n t  than other  t ranspor t  methods such 

as the d i s c r e t e  ordinates method. Also,  since the Monte Carlo method i s  

based upon accumulating s t a t i s t i c s  from a stochast ic  model o f  the p a r t i c l e  

t ranspor t  process, reducing computational t ime by consider ing only a small 

number i n  samples w i l l ,  i n  general, produce r e s u l t s  which are not r e l i a b l e ,  

Therefore, there i s  no s i n  le code which can perform as the  neutron t ranspor t  

module f o r  both accurate and engineering systems, 

A dual system was also considered w i t h  two codes for the neutron 

t ranspor t  module and two codes f o r  the gama s h i e l d i n  

processors to provide the i n te r face  between these mod and the a c t i v a t i o n  

module. However, t h i s  dual system i s ,  i n  r e a l i t y ,  j u s t  t w o  p a r a l l e l  systems 

shar ing the same a c t i v a t i o n  module and o f f e r s  no advantages over t w o  separate 

code systems since the  programming e f f o r t  t o  develop the processors o f f s e t s  

any savings galne 

f o r  i n t e ~ ~ a t ~ o ~  i n t o  the code system. 

du9e w i t h  pre- 

by modifying the a c t i v a t i o n  gamma source code only  once 
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The proposed dual system represents a compromise between the two 

approaches descr i bed above. Th i s sys tem i s  described and the advantages 

and disadvantages are discussed i n  the fo l l ow ing  section. 

3.30 1 The DOT/DASH-NAP-FASTER/KAPV System 

The proposed design f o r  an INAP System capable o f  performing as 

both an accurate and an engineering system i s  shown i n  Figure 8. 
f i c a n t  feature of t h i s  system is t h a t  the c a p a b i l i t y  t o  t r e a t  complex three- 

dimensional geometry i s  bui l t :  i n t o  the neutron t ranspor t  module by using the 

two-dimensional code, DOT, w i t h  the  operat ional  b r l d g i n g  code DOT, w i t h  the 

operat ional  b r i d g i n g  code DASH. For example, consider the c a l c u l a t i o n  o f  

a c t i v a t i o n  from neutrons produced i n  a reactor  core. Then, beginning w i t h  

the reactor core, a DOT c a l c u l a t i o n  would be performed t o  determine the 

angular dependent neutron f l u x  at the boundary o f  t he  core region. 

t h i s  boundary angular f l u x  DASH determines the  f l u x  i nc iden t  on spec i f i ed  

surfaces around the core by assuming the  in tervening regions are vo id o r  

pure ly  absorbing. These f luxes are then used as boundary sources f o r  input  

i n t o  fu r the r  DOT problems t o  determine the neutron f l u x  i n  those regions 

around the core. That i s ,  a separate DOT problem must be performed f o r  

each region i n  which the a c t i v a t i o n  i s  considered important bu t  cannot be 

combined w i t h  o ther  regions and modeled i n  the two-dimensional geometry 

s p e c i f i c a t i o n  a v a i l a b l e  in DOT. A second feature 1s that ,  on opt ion,  the 

gamma ray s h i e l d i n g  module may consis t  o f  e i t h e r  the Monte Carlo code, 

FASTER,  o r  the  p o i n t  kernel  i n t e g r a t i o n  code, W V  depending on the accuracy 

des i red. 

A s l g n i -  

With 

Referr ing t o  Figure 8 the operat ion and data t rans fe r  i n  the 

accurate mode may be seen. 

o r  h igh i n tens i t y ,  region i s  performed and a magnetic tape Containing the 

region averaged f l uxes  i n  the  core and the angular f l u x  on the core boundary 

i s  prepared. This tape i s  then read by a processor (may be i n t e g r a l  w i t h  

DOT) which prepares the input  tape containing angular f luxes fo r  input t o  

DASH and punches cards f o r  NAP t o  ca l cu la te  the a c t i v a t i o n  gamma source i n  

the core region. 

problem required t o  analyze a1 1 o f  the separate a c t i v a t i o n  regions around 

the reactor  core. Each o f  these DOT problems w i l l  punch cards g i v i n g  the 

F i r s t  the neutron t ranspor t  i n  the neutron source, 

Then DASH prepares a boundary source tape for each DOT 
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volume averaged neutron f l u x  f o r  one o r  more zones w i t h i n  the  problem region. 

This data i s  input  t o  NAP which then determines the a c t i v a t i o n  gamma ray 

source f o r  a l l  regions outs ide the reactor  core. 

combines t h i s  NAP output w i t h  t h a t  obtained from the core ca lcu lat ions and 

organizes i t  i n  a form s u i t a b l e  f o r  input i n t o  FASTER f o r  the gamma ray 

s h i e l d i n g  ca l cu la t i on .  

A second processor then 

The f l o w  diagram f o r  the engineering mode begins w i t h  the same 

DOT c a l c u l a t i o n  for neutron t ranspor t  i n  the core region but  now the neutron 

a c t i v a t i o n  c a l c u l a t i o n  i s  t o  be performed f o r  only the regions which may be 

described by the two-dlmensional DOT geometry. The ca l cu la t i ona l  sequence 

then fol lows the order shown by the l e f t  branch o f  the flow diagram shown 

i n  Figure 8. I t  can be seen tha t  the sequency and data t rans fe r  f o r  the 

engineering mode are i d e n t i c a l  w i t h  t h a t  o f  the DOT-NAP-KAPV Engineering 

Sys tern. 

The disadvantages o f  such a system are obvious. F i r s t  even w i t h  

a s i g n i f i c a n t  programming e f f o r t  t o  develop the processor which couples the 

var ious DOT ca lcu la t i ons  t o  the neutron a c t i v a t i o n  module there w i l l  s t i l l  

be a great deal o f  data handl ing required o f  the user f o r  problems o f  even 

moderate complex1 ty .  Further, unless a l l  o f  the ac t i va ted  regions together 

can be described by an axisymmetric geometry 'spec i f icat ion,  the neutron 

t ranspor t  ca l cu la t i ons  i n  the regions outs ide the core o r  source region w i l l  

be approximate. That i s ,  the neutrons escaping the core w i l l  "shine" on 

about h a l f  the surface o f  the outs ide regions but i t  w i l l  not  be poss ib le  t o  

account f o r  t h i s  w i  th the source boundary condi t ions f o r  a f i n i t e  geometry 

DOT problem. Also, the e f f e c t  o f  back s c a t t e r i n g  from and between, the 

i r r a d i a t e d  regions w i l l  not  be accounted f o r  properly. 

From the considerations presented i n  Section 3 . 3  and the above 

discussion, i t  must be concluded t h a t  a s a t i s f a c t o r y  dual code system 

cannot be developed by i n t e g r a t i n g  e x i s t i n g  codes wi thout  extensive modi f i -  

c a t i o n  o f  the component codes. Such an e f f o r t  would be beyond the scope of 

t h i s  program. 
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4.0 RECOMMENDAT IONS 

The previous sect ions described the manner i n  which the var ious 

candidate codes f o r  the lNAP System were i d e n t i f i e d ,  reviewed, and incor-  

porated i n t o  a l t e r n a t i v e  code system designs t o  be evaluated and compared 

on the basis o f  how they functioned w i t h i n  these proposed code systems. 

From these comparisons and evaluat ions the recommendations f o r  the develop- 

ment o f  the INAP Code System are derived. These recommendations are pre- 

sented i n  Table 1 9 1  along w i t h  a few support ing facts .  Further discussion 

of  these recommendations i s  contalned i n  Section 4.1 wh i l e  Section 4,2 
discusses the incorporat ion o f  the LSVDC geometry rout ines i n t o  the  !NAB 

System and Section 4.3 evaluates the s u b s t i t u t i o n  o f  a neutron cross 

sect ion code f o r  the i n t e r n a l  cross sec t i on  rout ines of NAP. 

4.1 Code System Development 

The f i r s  t recommendation f o r  Code Sys tern Development i s t o  deve 1 op 

two separate code systems instead o f  a s i n g l e  system w i t h  dual c a p a b i l i t y .  

Section 3.3.1 discusses most o f  the reasons f o r  t h i s  recomnendation. In  

summary, the reason t h a t  development o f  a Dual System was re jec ted  was t h a t  

there were no codes o r  combinations o f  codes i d e n t i f i e d  i n  the code reviews 

which could be integrated i n t o  a s ing le,  e f f i c i e n t ,  f u l l y  capable, dual 

system wi thout  the expenditure o f  a great deal o f  programming e f f o r t  e i t h e r  

dur ing the development o f  the code system o r  by the users of the code 

sy: tem. 

The second recommendation i s  

design f o r  the Accurate System. It i s  

and gamma ray sh i e l d i  ng modules o f  the 

geometry Monte Carlo programs since no 

t o  develop the FASTER-MAP-FASTER 

c lea r  t h a t  the neutron t ranspor t  

accurate system must be complex 

other  ca l cu la t i ona?  method i s  capable 

o f  t r e a t i n g  both the complex geometry and exact p a r t i c l e  t ranspor t  which 

are required fo r  t h i s  system. Also, as mentioned i n  a previous sect ion,  

i t  i s  more convenient f o r  the user o f  the coda system if the neutron trans- 

p o r t  and gamma ray s h i e l d i n g  modules accept input f o r  the geometry des- 

c r i p t i o n  i n  the same format end media, so t h a t  th is  input  need be prepared 

only  once fo r  both modules. Therefore, i t  i s  recommended that  a Monte 

Car lo code capable o f  performing both neutron and gamma ray t ranspor t  be 

selected so t h  t i t  can be em loyed i n  both modules. The se lec t i on  of 
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the most e f fec t i ve  Monte Car lo co ever, Ts not a s ~ r a ~ g h t f ~ ~  

he code reviews and code system e v ~ ~ ~ ~ ~ ~ ~ ~ ~  the MORSE CQ& is 
p o t e n t i a l l y  the most f l e x i b l e ,  ca able, and r e l l a b % e  code for t h i s  purgo 

However, a t  the present t ime the released verslon and, i n  fact ,  even the 

Oak Ridge experimental verslons of the MQR 

to t r e a t  volume sources or region detectors. 

t i a l  to determine average neutron f luxes i ions (wi thout aver 

o not have the cap 

These c a p a b i l i t i e s  are essen- 

m u l t i p l e  p o i n t  detectors i c h  w i l l  be c ~ p u t a ~ ~ o n a l ~ y  time consum 

t o  compute gama ray t ranspor t  from the var ious ac t lva ted  regions. 

Incorpora t ion  of these c a p a b i l i t i e s  i n t o  MQRSE i s ,  hawever, beyond 

of t h i s  contract .  

The only Monte Car lo  code which i n  i t s  genera l ly  avai lab 

present ly  possesses a l l  of  these c a p a b i l i t i e s  i n  one s e l f  contained packa 

i s  the FASTER code. As pointed out  e a r l i e r  t h i s  code does have some d is -  

advantages but ,  under the cons t ra in t  t ha t  the programing required fo r  

development of the Code System be minimized, i t  was f e l t  t ha t  the e x i s t i n g  

c a p a b i l i t y  o f  FASTER outweighed these disadvantages. NAP i s  selected fo r  

the a c t i v a t i o n  gamma source module s ince a l l  o ther  s i m l l a r  codes i d e n t l f f e d  

were l i m i t e d  t o  a s i n g l e  energy group s t ruc tu re  f o r  e i t h e r  o r  both the 

neutron react ion r a t e  c a l c u l a t i o n  and ga 

the energy group s t ruc tu res  could on ly  be accomplished by r e  

In  addi t ion,  the NAP code Is t 

source determf nation. Changi ng 

i c h  i s  general ly a 

For the engi 

m e n d e d  fo r  developmen 

Is recommended because i t  
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obtained qu ick l y  us ing a few energy groups but  a l s o  f u l l  advantage may be 

taken o f  accurate d i sc re te  ord inates t ranspor t  ca lcu la t ions  by us ing a 

de ta i l ed  energy group s t ructure.  

For gamma ray sh ie ld ing  ca lcu la t ions  i n  complex three-dimensional 

geometries the  p o i n t  kernel  i n teg ra t i on  method has, over the years, been 

shown to  y i e l d  r e s u l t s  which are s u f f i c i e n t l y  accurate fo r  most engineer ing 

requirements. The most widely  used po in t  kernel  codes are those based 

upon the  QAD system, 

ized f o r  var ious requirements o r  incorporate add! t i o n a l  capabi 1 i t i e s  and/or 

data. A f t e r  reviewing the genera l ly  ava i lab le  versions of QAD, the KAPV 

vers ion was se lected as the most e f f i c i e n t  and w e l l  su i ted  f o r  i n t e g r a t i o n  

i n t o  the !NAP System. The source s p e c i f i c a t i o n  i s  compatible w i th  the 

a x i a l l y  symmetric geometry s p e c i f i c a t i o n  o f  the DOT code. 

c i l i t a t e  the i n teg ra t i on  o f  the code system and a lso  w i l l  be convenient 

fo r  t he  user. 

Several versions have been developed which are specia l -  

Th is  w i l l  fa- 

4.2 Complex Geometry Input Evaluat ion 

Obviously, the  c a p a b i l i t y  t o  model the geometry of  complex 

engineering s t ruc tu res  such as the  nuclear veh ic le  o r  the ho t  f i r i n g  t e s t  

stand w i t h  a simple and s t ra ighforward system i s  h i g h l y  des i rab le.  Also, 

the smal ler  the  amount o f  requi red preprocessing o f  inpu t  data t o  model 

these s t ructures,  the  eas ie r  I t  i s  f o r  the  program user t o  incorporate 

the  necessary changes i n  the geometry desc r ip t i on  f o r  parametric and o ther  

des i gn s t u d i  es e 

The geometry rout ines of the major Monte Car lo and po in t  kernel  

i n teg ra t i on  codes are read i l y  ab le t o  model these complex s t ruc tu res  w i t h  

about equivalent capab i l i t y .  Not a l l  the codes, however, use the s implest  

method for descr ib ing the geometry of the s t ructures.  

geometry descr ip t ion  f o r  a l l  the codes reviewed i s  the app l i ca t i on  o f  the  

general quadrat ic  equation i n  three var iab les t o  the desc r ip t i on  o f  surfaces 

i n  orthogonal, three-dimensional coordinate systems. The s i m p l i f i c a t i o n  o f  

the input  data preprocessing by the code user i s  accomplished by apply ing 

various geometric techniques w i t h i n  the code t o  ob ta in  the c o e f f i c i e n t s  o f  

the quadrat ic  equations descr ib ing the des i red surfaces from the  l oca t i on  o f  

The bas is  o f  the  

points  on the  surfaces o r  c h a r a c t e r i s t i c  dimensions o f  the  volumes. 

l e a s t  des i rab le method would be to requ i re  the user t o  determine a l l  of the 

coe f f i c i en ts  and prov ide them as input  t o  the code system. 

The 



Page 32 

The codes which are t o  be used f o r  the complex geometry modules 

o f  the IMAP Systems ( i .e.  FASTER and KAPV) are capable o f  modeling general 

three-dimensional geometries w i th  very few res t r i c t i ons .  However, there 

are codes cu r ren t l y  ava i lab le  which requi re less input  data preprocess? 

and s imp l i f y  input modi f icat ion and check out. Although these codes wfth 

s i m p l i f i e d  geometry input were found i n  the Code Review not t o  be the most 

e f fec t i ve  fo r  the INAP Systems, they c l e a r l y  have the advantage i n  t h i s  09% 

area. 

codes, inc lud ing  those selected fo r  both INAP Code Systems to gssess i t s  

One of these codes, LSVDC-4, was compared w i t h  other  complex geo 

c a p a b i l i t y  r e l a t i v e  t o  o ther  codes and to evaluate the improvement i n  co 

venience of using the INAP Systems i f  these rout ines were incorporated i n t o  

the complex geometry modules o f  the Systems. 

In  comparing the convenience and genera l i t y  o f  the LSVDC geometry 

model i t  was found tha t  the only  code which was comparable t o  LSVDC i n  t h i s  

area was the Monte Car lo code, SAM-C. Both permit  a i l  the general quadric 

shapes i n  any o r ien ta t i on  and provide the c a p a b i l i t y  f o r  combining complex 

shapes by imbedding. SAM-C o f f e r s  the op t ion  o f  descr ib ing several spec i f i c  

regular shapes w i th  less input than required f o r  the general shapes. LSVDC 

does nQt o f f e r  as many o f  these options, however, the p r inc ipa l  advantage of 

LSVDC i s  the c a p a b i l i t y  t o  locate and describe shapes by loca t ing  points  

anywhere on surfaces o r  l oca t i ng  end po in ts  and descr ib ing p r inc ipa l  dimen- 

sions (eg., radius o f  cy l inder ,  major and minor axes o f  e l l i p t i c a l  cy l inder) .  

SAM-C requires a p a r t i c u l a r  po in t  and cha rac te r i s t i c  dimensions. ~f~~~ i 

i s  necessary t o  make a ca l cu la t i on  t o  locate t h i s  s p e c i f i c  po int .  

these are q u i t e  s i m i l a r  c 

be imre advantageous wh i le  f o r  a d i f f e r e n t  s t ruc tu re  the other  w i  1 be more 

Clear ly  

a b i l i t i e s  and f o r  one s t ruc tu re  one method w i l l  

vantageous, However, i t  i s  f e l t  tha t  when developing a complex g ~ o ~ ~ ~ y  

model from engineering drawings the LSVDC method w i l l  be so 

convenient. 

Further, i n  t h i s  evaluation, i was found tha t  the amount and 

complexity of  input data required 1 a complex s t ruc tu re  i s  reduced 

s i g n i f i c a n t l y  using the LSVDC-4 input i n  place o f  the geometry input  r o ~ t i n e s  

o f  the FASTER Monte Carlo W Polnt  Kernel In tegra t ion  Code 

fo r  use i n  the  code syst  ms, Th is  ~ d i f ~ c a t i o ~  w i l l ,  In 
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a d d i t i o n  to s i m p l i f y i n g  the complex geometry input data f o r  both code 

systems, a lso permit  the same input  data t o  be read by the complex geometry 

modules o f  both the engineering and the accurate code systems. 

t h i s  modi f icat ion w i l l  not  only s imp l i f y  the data input f o r  the user but 

w i l l  a l so  permit  problem check outs t o  be performed on the engineering 

system w i t h  the  same geometry input  data t h a t  w i l l  be used f o r  the accurate 

systems. Since geometry checkout i s  a major task I n  prepar ing input data 

fo r  any problem i n v o l v i n g  complex s t ructures,  t h i s  c o m p a t i b i l i t y  w i l l  be 

very e f f e c t i v e  I n  reducing both the cost and e f f o r t  involved i n  apply ing 

the accurate code system t o  complex problems o r  v e r i f y i n g  engi neeri ng 

ca l cu la t i ons  by comparison w i t h  the resu l t s  o f  accurate ca lcu lat ions.  

Therefore, 

4.3 Cross Section Preparation 

As a part. of  t h i s  e f f o r t  the i n t e r n a l  cross sect ion subroutines 

o f  the NAP code were studied t o  evaluate the advantages o f  removing these 

rout ines and s u b s t i t u t i n g  a standard, e a s i l y  updated neutron cross sect ion 

code t o  generate mult igroup react ion cross sect ions f o r  use i n  the neutron 

a c t i v a t i o n  module of the INAP Code System. The NAP code now has on magnetic 

tape a l i b r a r y  o f  mult igroup reactton cross sections o f  isotopes f o r  which 

measured data was ava i l ab le  a t  the time the code was developed. For iso- 

topes where no data was avai l a b l e  various empir ical  and t h e o r e t i c a l  formulas 

f o r  est imat ing the (n,y), (n,u), (n,p), and (n,2n) react ion cross sect ions 

were programmed i n t o  the code. However, as new cross sect ion measurements 

are completed there i s  no way t o  use the NAP code t o  process the new p o i n t  

data t o  update the 1 i brary wi thout  reprogramming several o f  t he  NAP sub- 

rout ines.  Also, i t  i s  o f t e n  the case t h a t  the mult igroup l i b r a r y  ava i l ab le  

i n  the code i s  not compatible w i t h  the energy group s t r u c t u r e  over which 

the t ranspor t  cross sect ions are averaged. That i s ,  the energy l eve l s  a t  

which the energy range i s  d iv ided f o r  the t ranspor t  cross sect ions are 

d i f f e r e n t  from those f o r  the react ion cross sections. This requires tha t  

group energy bounds be rearranged and neutrons i n  a group be transferred t o  

surrounding groups before the various react ion rates are calculated. Near 

resonances o r  react ion thresholds such r e d i s t r i b u t i o n  can lead t o  e r ro rs .  
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s Os c o s t l y  due t o  the  core 

machine t ime requi red to  generate e l  nd i n e l a s t i c  neutroR 

a t r l ces ,  Therefore, s6nce th ttons are more s t r a i g h t -  

s It i s  f a r  less expensive to  reav he reac t ion  cross s 
~ Q r n ~ ~ ~ ~ b ~ ~  w i t h  the t ranspor t  cress sections. It i s  there for  

that  a reac t ion  cross s e c t l o  t a t  i on  code be devel oped 

whO& Os capable o f  r adlng polntwlse an met r ic  reac t ion  cross sect1 

tape and/or punched cards 

Such a code may be obtained w i t h  the l eas t  e f f o r t  by approp 

SUPERTOG code whieh a cepts data tapes i n  standar 

r Data F i l e )  format and prepares mult igroup t ranspor t  cross 

I n  addi t ion,  s ince the INAP vers ion o f  the  NAP code i s  t o  operate 

e i n  a code system, c e r t a i n  o ther  mod i f i ca t ions  are recommended to  

s effect iveness and ef f ic iency.  

of the present cont rac t  bu t  may be convenient ly incorporated con- 
These mod i f i ca t ions  are  beyond 

curen t ly  w i t h  the cross sec t ion  modi f icat ions.  
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NAME 

MCS 
- 
PROGRAM LANGUAGE 

FLOC0 

APPL I CABLE COMPUTER/SOFTWARE 

I B M  - 7090 

DESCRI PTOW 

P rob1 em So 1 ved 

The MCS code determines the s p a t i a l  d i s t r i b u t i o n  o f  nuclear react ions f o r  
a given neutron source h a given con f igu ra t i on  o f  some geometry. 

METHOD OF SOLUTION 

MCS uses the Monte Carlo method t o  f o l l o w  the neutron h i s t o r y  through the 
system. Neutron importance i s  assumed constant and e l a s t i c  s c a t t e r i n g  
d i s t r i b u t i o n  a t  each energy i s  def ined e i t h e r  by a set  o f  tabulated values 
a t  cos alpha (N) and l i n e a r  i n t e r p o l a t i o n  o r  by a polynomial f i t  in cos 
alpha. For i n e l a s t i c  sca t te r  the angle o f  s c a t t e r i n g  and f i n a l  energy 
depend on the type o f  neutron, 
included. 

Variance reducing features have been 

I NPUT/OUTPUT 

Normal geometry and mater ia l  descr ip t ions,  cross sections, e tc .  are required 
as input.  The output consists o f  neutron f l u x  and i t s  associated q u a n t i t i e s .  

RESTRICTIONS OR LIMITATIONS 

Allowance has been made for  a t  most 432 surfaces and 2048 c e l l s .  

TYPICAL RUNNING TIME 

Not noted 

ORIGINATOR 

Los Alamos S c i e n t i f i c  Laboratory, P.0. Box 1663, Los Alamos, New Mexico 87544 

AVAILABILITY 

Argonne National Laboratory 9700 South Cass Avenue, Argonne, I 1  1 i n o l s  60439 

REFERENCES 

Reference # 1  

CRITICAL REVIEW 

This code i s  rejected. I t  i s  t o t a l l y  I n  a machine o r ien ted  language un- 
sui t ab le  fo r  adaption t o  the INAP system requirements. Complete r e w r i t e  
of the code would be required. 
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P rob ‘ti em So 1 ved 

PWG-SGD calcu lates the t ime and space d i s t r i b u t i o n  of secondary gamma-ray 
dose and dose ra te  in the amtosphere and On the ground near the surface 
of the ear th ,  The neutron source i s  g iven as ge from a nuclear o r  
thermonuclear device exploded i n  the a i r ,  The c t s  of the b l a s t  and 
f i r e b a l l  on the t ranspor t  of the neaa 

-- 

rays are considered. 

WETHOB OF SOLUTION 

The Monte Car lo  method i s  used t o  enerate the neutron d i s t r i b u t i o n ,  
secondary gamma-ray source d i s t r i b  t ion,  and secondary 
d i s t r i b u t i o n ,  
determine the i n i t i a l  condi t ions.  The geometric system i s  taken t o  be 
axla9ly s y m e t r i c ,  Bn add i t i on  t o  s t a t i s t i c a l  es t imat ion  o f  the gamma-ray 
source and dose d i s t r i bue lons  various importance sampling techniques are 
used. These include Russian ~ o ~ ~ ~ t ~ ~  f o r  how c o n t r i b u t i o n  p a r t i c l e s  and 
generaBOzed quota ssmplin 
f r o m  ii t runcated gxpsrsewt 
ered are e l a s t i c  scatter! scat te r ing ,  rad io  c t i v e  capture and 
non rad I oact 0 ve capture. 
scat ter!  nq and absorption, 
ghotolactrlc e f f e c t  reactions, 

a m - r a y  dose 
The type and y i e l d  of  weapon and the det na t i on  a1 t i tude 

ndom var iab les  are pr iced  
neutron react i ons cons i d- 

a-ray react ions co s idered are Compto 
pai ~ ~ p r ~ u c t ~ o n  an 
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- NAME: TRG-SGD (Continued) 

ORIGINATOR 

Contr ibutors :  Biophysics Branch, A i r  Force Weapons Laboratory, K i  r t l a n d  
A i r  Force Base, New Mexico, and TRG, 

AVAILABILITY 

Incorporated, M e l v i l l e ,  New York. 

Codes Coordinator - Radiat ion Shie ld  
Nat ional  Laboratory, P.O. Box X, Oak 
magnet! c tape. Code Package CCC-25 

REFERENCES 

Reference #2 

CR IIT I CAL REV I EW 

ng Informat ion Center, Oak Ridge 
Ridge, Tennessee 37830. Send ree 

This code i s  re jec ted  because i t  f a i l s  t o  meet the requirements of the 
INAP code system, I t  i s  a h igh l y  specia l ized code, w r i t t e n  t o  handle a 
spec i f i c  problem. Adaptation to the !NAP code system would requ i re  re- 
w r i  t t i n g  of much o f  the code. 
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NAME 

PHOTWM 
- 
PRO GRAM LAMGUAGE 

For t ran I V  and HAP 

APPLICABLE COMPUTER/SOFTWARE 

D E S C R I P T I O N  

Problem Solved 

PHOTRAN studies the time-dependent t ranspor t  o f  r a d i a t i o n  through a i r  a r b t t r a r y  
geometrical con f igura t ion  constructed o f  a v a r i e t y  o f  mater ia ls.  

METHOD OF SOLUTION 

PHOTRAN uses a combination o f  analogue and s t a t i s t i c a l  est imat ion Monte Car lo 
technique. The in te rac t i ons  considered are coherent and incoherent sca t te r ing ,  
photoe lec t r i c  e f fec t  and p a i r  production. Generation and propagation of 
f luorescence and a n n i h i l a t i o n  rad ia t i on  are opt ional .  

I MPUT/OUTPUT 

Input includes geometry and mater ia l  composition, source descr ip t ion  and cross 
sect ions (suppl ied on data f i l e ) .  
e lec t ron  f luxes, and re la ted  quanti  t i e s .  

Output i s  energy deposi t ion photon f luxes,  

R E S T R I C T I O N S  O R  LlMlTATlONS 

No major r e s t r i c t i o n s  other  than normal problem sizes. 

TYPICAL R U ~ ~ I ~ ~  T I M E  

Problem dependent 

O R I G I N A T O R  

Union Carbide Corporation - Defense and Space Systems Department, Terrytown, 
New York. 

REFEREMCES 

Reference #3  
_p_ 

CRIT ICAL  REVDEW 

This code performs the  photon problem only. 

other  codes are more suitable. 

Several of  the rout ines are i n  
uage and would requ i re  rewriting, therefore,  i t  i s  re jec ted  as 
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NAME 
__L_ 

PAWN 

PROGRAM LANGUAGE 

FORT RAN 

APPLICABLE CQMPUTER/SOFTWARE 

COC-6600 
DESCR I PT I ON 

Problem Solved 

PAWN i s  designed to ca lcu la te  the secondary gamma-ray dose from an i n i t i a l  
neutron source d i s t r i b u t i o n  i n  a h igh l y  complex geometric system. The 
intermediate steps include so lu t i on  o f  the neutron t ranspor t  problem and 
seqondary gamma ac t i va t i on .  The geometry rou t ine  used t o  describe the 
system i s  very involved and al lows very exact descr ip t ions o f  the system. 
METHOD OF SOLUTION 

Using a forward Monte Car lo s o l u t i o n  o f  the t ranspor t  problem, the  i n i t i a l  
source d i s t r i b u t i o n  o f  neutrons i s  t ransported throughout the geometric system, 
Th is  neutron d i s t r i b u t i o n  generates, by ac t i va t i on ,  a secondary gamma-ray d i s -  
t r i b u t i o n .  So lu t ion  o f  the gama ray d i s t r i b u t i o n  i s  acomplished by using an 
a d j o i n t  so lu t i on  o f  the t ranspor t  problem. 
has been used t o  descr ibe the geometry for both neutrons and gammas. 

A combinatorial geometry rou t ine  

I NPUT/QUTPUT 

Input cons is ts  o f  geometry and source descr ip t ions,  mater ia l  composition and 
c o l l i s i o n  tape parameters. 
cross sect ions are re t r i eved  from a master tape. The output cons is ts  of 
data as a funct ion o f  t ime from neutron b i r t h  to ,gama detect ions.  

RESTRICTIONS OR LIMITATIONS 

None Noted 

TYP I CAL RUNN I NG 7 I ME 

The requi red neutron gamma and gamma product ion 

Not noted 
O R l G  INATOR 

Mathematical Appl icat ions Group, Inc., 180 So. Broadway, White Pla ins,  
New York. 

AVAILABILITY 

Codes Coordinator - Radiat ion Shie 
Laboratory, P.O. Box X, Oak Ridge, 

REFERENCES 

Reference #4 

ding lnformat 
Tennessee. 

on Center, Oak Ridge Nat ional  



Page A-6 

_I NAME : PAWN (Continued) 

CR IT  0 CAL .REV! EW 

This code i s  rejected. There i s  no addlt lonal capabi l i ty  over SAM-C, 
This code requires importance sampling Information. Hence, another 
code and calculat ion would be required. 
for  a s t a t i c  configuration but 
and ana ly t ic  type study. 
method for the calculat ion o f  the exact system, 

This approach has i t s  advantage 
u l d  not be functional fo r  a parametric 

S m  attenuation should be given to  th is  
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NAME 

05 8/06 R 
- 
PROGRAM LANGUAGE 

FORTRAN I I E FAP, IBM 7090 
FORTRAN 63 & CODAP, CDC 1604 

APPLICABLE COMPUTER/SOFTWARE 

CDC-1604, CDC 6500/660O (not checked out )  i B M  7090 

DESCRIPTION 

P rob 1 em S o l  ved 

Generates t ime dependent neutron case h i s t o r i e s  i n  general ized three dimen- 
s ional  geometry and records the re levant  i n te rac t i on  parameters on tape f o r  
f u r t h e r  analysis.  

METHOD OF SOLUTION 

The Monte Car lo method i s  u t i l i z e d  by 05R t o  generate neutron case h i s t o r i e s  
i n  the prescr ibed system and record any o r  a l l  of  34 d i s t i n c t  parameters 
descr ib ing each c o l l i s i o n  on tape. The c o l l i s i o n  tape d a t a  i s  then analyzed 
by an a u x i l i a r y  analys is  rou t ine  t o  ob ta in  the f i n a l  problem resu l ts .  The 
code u t i l i z e s  one o f  the most de ta i l ed  cross sect ion data representat ions 
ava i l ab le  for  t h i s  purpose. Russian r o u l e t t e  and s p l i t t i n g  are permitted. 
Forced sca t te r ing  w i t h  s t a t i s t i c a l  est imat ion i s  employed a t  each c o l l i s i o n .  

INPUT-OUTPUT 

Input cons is ts  of geometry and source descr ip t ions,  mater ia l  composition and 
c o l l i s i o n  tape parameters. The required cross sect ion data i s  read from a 
master tape conta in ing microscopic cross sect ion data and processed by the 
a u x i l i a r y  cross sect ion code XSECT t o  produce problem pecu l ia r  macroscopic 
cross sect ions on tape. The output o f  05R consis ts  o f  one or more c o l l i s i o n  
tapes conta in ing the relevant c o l l i s i o n  parameters f o r  each p a r t i c l e  i n t e r -  
act  i on. 

RESTRICTIONS OR LIMITATIONS 

Rest r i c ted  t o  n o t  more than 16 d i f f e r e n t  media, 8 scat terers  per medium and 
not  more than 10 i s o t r o p i c  sca t te rers  i n  a l l  media. L imited t o  neutron t rans-  
p o r t  on ly  bu t  should be candidate f o r  neutron module o f  INAP system since i t  
can e a s i l y  be modif ied t o  output neutron capture events on tape f o r  input t o  
a NAP preprocessor. 

TYPICAL RUNNING TIME 

Running t ime i s  problem dependent ranging from several minutes t o  an hour o r  
more per case on the CDC 6500 depending on the problem complexity. 

> 
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__. NAME : 05R (Con t i nued) 

O R I G I N A T O R  

ORNL 

AVAILABILITY 

Avai lab le from Codes Coordinator, Radiat ion Shie ld ing Informat ion Center, 
Oak Ridge Nat ional  Lab, P.O. Box X, Oak Ridge, Tennessee. Code Package CCC-17  

REFERENCES 

References 5, 6, 7, 8, 9, and 10 

CRITICAL REVIEW 

O 5 R  i s  one of  the b e t t e r  documented and more r e l i a b l e  o f  the candidate Monte 
Car lo codes. However, i t  i s  l i m i t e d  t o  the neutron t ranspor t  problem on ly  
and would, i n  the INAP package, be used i n  combination w i t h  some su i tab le  
gamma t ranspor t  code such as OGRE-G, which uses the same general ized geometry 
rout ines.  
output data and process i t  t o  NAP input  format. The code has some machine 
language rout ines which can be rewr i t t en  i n  Fortran. i n  the event t h a t  
neutron envi ronment d a t a  output i s  required from the INAP system, an 05R 
analys is  module could be developed from STATEST, ACTIFK o r  some other  
appropr iate analys is  rout ine.  O5R requires a user provided source p a r t i c l e  
generat ing rou t ine  and a thermal sca t te r i ng  rou t ine  i n  the event t h a t  thermal 
neutron t ranspor t  i s  t o  be performed. A one-veloci t y  thermal s c a t t e r i n g  
rou t ine  i s  ava i l ab le  w i t h  the code. The a u x i l i a r y  codes i n  the XSECT code 
package are used t o  pre-process the cross sec t ion  data a c t u a l l y  used i n  the 
05R run. This  data i s  then read i n  from tape by O5R. 

A NAP preprocessor would probably be required t o  receive the 05R 

The 06R code i s  a s i g n i f i c a n t  improvement and rev i s ion  o f  the 05R Program. 
Some o f  the 

1) 

3) 

important rev is ions are: 

A d i r e c t  l inkage o f  0 6 ~  t o  the ENDF/B cross-sect ion format 
has been provided. 
XSECT code o f  O5R.  
tapes t o  produce the macroscopic data tapes used i n  06R. 

The energy boundaries o f  supergroups were made var iab le  instead 
of  being f ixed. This added f l e x i b i l i t y  w i l l  improve the useful- 
ness of the code i n  the resonance region wh i l e  incteas lng the 
o v e r a l l  e f f i c i ency  o f  cross-sect ion storage and handllng. 

The handl ing o f  cross-sect ion data has been rev ised t o  a l low 
more than one supergroup i n  memory a t  a time. The advantage o f  
t h i s  mod i f i ca t ion  w i l l  be f e l t  i n  problems requ i r i ng  a moderate 
amount o f  cross-sect ion data w i c h  are run on a computer w i t h  a 
la rge  memory s ize.  

New programs were w r i t t e n  t o  replace the  
These programs use the ENDF cross-sect ion 
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- NAME : 05R (Continued) 

To make o p t i m u m  use of the storage area for the  neutron bank 
i n  problems using importance sampling through Russian r o u l e t t e  
and s p l i t t i n g ,  a change was made i n  the l o g i c  i nvo l v ing  the 
banking of neutrons. Whenever a neutron h i s t o r y  i s  terminated, 
i t s  space i n  the bank i s  made ava i l ab le  f o r  new p a r t i c l e s  
created by sp l  i tt i ng. 

An energy c u t o f f  may be spec i f i ed  below which i s o t r o p i c  
sca t te r i ng  i s  used ra ther  than the  Coveyou an iso t rop ic  technique. 

An add i t iona l  parameter, the t ime elapsed since the s t a r t  o f  the 
h i s to ry ,  has been added t o  the parameters o f  each neutron. 

A change i n  the geometry rout ines al lows the s p e c i f i c a t i o n  of 
c e r t a i n  boundaries as ones where r e f l e c t i o n  ra ther  than trans- 
mission occurs. 

The output f r o m  the 06R program has been g rea t l y  expanded from 
t h a t  produced by 05R. 

Path s t re tch ing ,  a form o f  the exponential transform, has been 
added as a variance reduct ion technique. 

One very important disadvantage o f  the 05R/06R codes which must be considered 
i s  tha t ,  as the codes are present ly  s t ruc tu red  they w i l l  requ i re  a separate 
analys is  rout ine,  ACTIFK, which i s  programmed t o  a la rge  extent  i n  machine 
language. Also, the  analys is  rou t i ne  w i l l  have t o  be rev ised i n  order  t o  
i nves t i ga te  05R/06R i n t o  the INAP system. I n  addi t ion,  the rout ines o f  05R/ 
06R which generate the source tape must be extens ive ly  modif ied t o  incor-  
porate the general volume source op t ion  which i s  requi red by the code system. 
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NAME - 
ACTIFK - A General Analysis Code f o r  05R 

PROGRAM LANGUAGE 

With the except ion o f  5 machine language subroutines (GEOM, RANDOMS, FINAL, 
0 SRTAPE, and INDSUA), the program i s  w r i t t e n  i n  For t ran 63. 
oSRTAPE and INDSUP a r e  w r i t t e n  i n  machine language Codap, 

FINAL, 

APPL I CABLE COMPUTER/SOFTWARE 

CDC 1604-A 

GEOM, RANDOMS, and FINAL are ava i l ab le  for  the IBM 7090. 
05RTAPE and INDSUP are now being converted f o r  IBM 7090. 

Subroutine 

DESCR I PT I ON 

Problem Solved 

. To f a c i l i t a t e  the analys is  of the c o l l i s i o n  tapes generated by the 05R neutron 
t ranspor t  code, ACTIFK perfo'rms many of - the coding deta i  1s connected w i t h  
tape reading and w r i t i n g ,  i n i t i a l i z a t i o n  of parameters, computation of  storage 
requirements f o r  input data t o  the appropr ia te subroutines a t  the proper time, 
and o the r  tedious tasks. 

INPUT/OUTPUT 

The primary input t o  ACTIFK i s  the " c o l l i s i o n  tape". 

RESTRICTIONS OR LIMITATIONS 

ACTIFK requires t h a t  subroutines be w r i t t e n  before i t  can be used. 

ORIGINATOR 

F. B. K. Kam and K, D. Frant, ORNL 

REFERENCES 

Reference # I  1 
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MONTE CARLO CODES 

NAME 

f ASTE R 
- 
PROGRAM LANGUAGE 

FORTRAN I V  

APPLICABLE COMPUTER/SOFTWARE 

32K WANL - MSFC I B M  7090 - 7094 - 64K CDC 6600 
I BM 360/75 - UN I V A C  1108 

DESCRIPTION 

Problem Solved 

Calculates energy dependent neutron o r  photon environments a t  po in ts  surfaces 
and regions of complex geometries. 

METHOD OF SOLUTION 

FASTER performs an nth order s c a t t e r  approximation u t i l i z i n g  Monte Car lo  in -  
t eg ra t i on  techniques i n  combination w i t h  importance sampling. The e n t i r e  
spectrum of p a r t i c l e  energies i s  t rea ted  simultaneously e l im ina t i ng  much of 
the usual r e p e t i t i v e  geometric computations. A wide v a r i e t y  o f  importance 
sampling and b ias ing  opt ions are a v a i l a b l e  i n  the code. Neutron t ranspor t  
ca l cu la t i ons  u t i l i z e  group averaged cross sect ion data whereas gamma t ranspor t  
problems u t i l i z e  pointwise cross sec t i on  data and the Klein-Nishina equation 
f o r  Compton scat ter .  

I NPUT/OUTPUT 

Input consists of geometry and source descr ip t ion,  cross sect ion data, response 
funct ions,  and output detector  and energy group s t ructure.  A v a r i e t y  o f  im-  
portance sampling devices may be selected a t  the op t i on  o f  the user. Output 
cons is ts  o f  p a r t i c l e  fluence, energy f luence and dose. 

RESTRICTIONS OR LIMITATIONS 

Time dependence i s  not  t reated e x p l i c i t l y i n  the program. 

TYPICAL RUNNING TIME 

Running time i s  problem dependent ranging from several minutes t o  an hour or 
more. Several t y p i c a l  examples are: 

IBM 7090 = 24 minutes, I S M  360/75 Boeing Version = 7 minutes 
IBM 360/75 AGC Modi f icat ion = 8 minutes, UNIVAC = Not Tested 
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. *  

'NAME : .- FASTER (Continued) 

0 R I G I N AT 0 R 

Westinghouse Astronuclear Laboratory 

AVAILABILITY 

Codes Codrdinator - Radiat ion Shie ld ing Informat ion Center, Oak Ridge 
Nat ional  Laboratory - P.O. Box X, Oak Ridge, Tennessee 37830, Code 
Package C C C - 9 8  

RWE RENC ES 

ReTe rence # 1 2 

CRITICAL R E V I E W  

The FASTER CODE was designed -to perform p a r t i c l e  t ranspor t  i n  a r b i t r a r y  
geometries by making e f f i c i e n t  use of the n t h  order  sca t te r i ng  approxima- 
t i o n  i n  combination w i t h  the  Monte Car lo method and var ious importance 
sampling devices. 

FASTER t rea ts  the  e n t i r e  spectrum of  p a r t i c l e  energies simultaneously 
which e l iminates much of the  usual r e p e t i t i v e  geometric computations 
r e s u l t i n g  i n  s i g n i f i c a n t  computer t ime savings. Sampling a l l  poss ib le  
sca t te r i ng  energies f o r  each co l1 i s i o n  and extensive importance sampl ing  
reduces the variance. For neutron t ranspor t ,  using group cross sect ions 
resu l t s  i n  add i t i ona l  t ime savings. 

D i s t i n c t i v e  features o f  the Monte Car lo method as employed i n  the FASTER 
program i n c l  ude : 

1) app l i ca t i on  of random sampling t o  the s p a t i a l  and angular 
in tegra t ions  on ly ,  

2 )  consis tent  use o f  energy-averaged sampling funct ions,  

3) approximat ion o f  importance funct ions by p o i n t  kernel  
techniques, 

4) a n a l y t i c  treatment o f  the energy va r iab le  over i t s  e n t i r e  
range, and 

5) zero variance energy i n t e g r a t i o n  of  the  scat tered source 
equations. 

Energy dependent neutron o r  photon f luxes are ca lcu la ted  a t  po int ,  surface, 
and/or region detectors of  complex geometry. 
equat ion describes the  system geometry. Common equations for planes, canes, 
e l l i p t i c a l  cy l i nde rs  and e l l i p s o i d s  can a l so  be used as input  desc r ip t i on  of 
the  surfaces. 
be s p a t i a l l y  d i s t r i b  ed. The angular, and ene ndence of the source 
are  assumed t o  be se rab le  f o r  a given soup"ce 

The general quadr ic surface 

The source may be described i n  general ized geometry and may 
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- NAME : FASTER (Cont i nued) 

The code i s  not  w e l l  documented w i t h  regard t o  i t s  i n t e r n a l  s t ruc tu re ,  
a1 though input/output requirements are f a i r l y  we1 1 defined. The code 
has recent ly  been re-s t ructured t o  take e x p l i c i t  account of t ime dependence. 
I t s  o v e r a l l  r e l i a b i l i t y  and e f f i c i ency  i n  performing rad ia t i on  t ranspor t  
analyses probably requires add i t i ona l  con f i  rmation, p a r t i c u l a r l y  w i t h  
respect t o  the ana ly t i ca l  treatment o f  the energy va r iab le  and several 
o f  the  importance sampling techniques. 

However, i f  the r e l i a b i l i t y  and accuracy o f  FASTER i s  comparable w i t h  
o ther  Monte Car lo programs the fo l l ow ing  advantages make i t  very a t t r a c t i v e  
f o r  use i n  the code system. 

1) Capab i l i t y  t o  t r e a t  volume sources o f  general 
shape w i t h  energy spectrum varying from region 
t o  region. 

o f  general shape. 
2) Capab i l i t y  t o  t r e a t  volume detectors i n  regions 

3) Analysis rout ines completely s e l f  contained. 

4) Program e n t i r e l y  i n  FORTRAN I V  language. 

Each o f  these c a p a b i l i t i e s  are required fo r  i n teg ra t i on  i n t o  the code 
system and would have t o  be programmed i n t o  any code tha t  lacked them. 
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NAME 

COHORT (a l so  see CAVEAT) 
- 
PROGRAM LANGUAGE 

Fortran I V  

APPLICABLE COMPUTER/SOFTWARE 

IBM 7090, 1BM 360/75, UNIVAC 1108, 

DESC R I PT I ON 

Problem Solut ion 

COHORT solves the t ranspor t  equation as re la ted  t o  r a d i a t i o n  s h i e l d i n g  
w i t h  reasonable running time, f l e x i b i l i t y  i n  geometry and f l e x i b i l i t y  
i n b i as i ng . 
METHOD OF SOLUTION 

COHORT employs the Monte Car lo technique t o  f o l l o w  neutron and gama-ray 
h i s t o r i e s  i n  a complex geometry. Biasing features include p r e f e r e n t i a l  
source p a r t i c l e  se lec t i on  and the exponential transform. 

INPUT/OUTPUT 

lpput consists of cross sections, geometry, mater ia l  and source s p e c i f i -  
cat ions,  and program options. Output cons is ts  o f  number f luxes, dose 
rates,  heat ing rates and a secondary p a r t i c l e  tapes. 

REST,RICTIONS OR LIMITATIONS 

Source geometry i s  r e s t r i c t e d  to  sphere, cy l i nde r ,  o r  rectangular p a r e l l e l o -  
piped and the energy spectrum must be the  same i n  each region. 

TYPICAL RUNNING TIME 

N o t  noted 

OR1 G 1 NATOR 

General Dynamics Corporation, Fo r t  Worth; Radiat ion Research Associates; 
Lekis Research Center, NASA, Cleveland, Ohio. 

AVAILABILITY 

R S l C  hhs received the program but the o r i g i n a t o r  hasn't provided complete 
dowmentation as yet. Code package w i l l  not  be released u n t i l  t h i s  i s  
rece i ved. 

REFERENCES 

References 13 and 14 
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NAME : COHORT (Con t i nued) - 
CRITICAL REVIEW 

The o r i g i n a l  vers ion o f  COHORT which was prepared by General Dynamics/Fort 
Worth, was w r i t t e n  as a system o f  seven ind iv idua l  programs: 
Primary-Source Generation Code, (2) the History-Generator Code, ( 3 )  the 
Tape-Sort Code, (4) the Analysis Code "AOl" ,  (5) the Analysis Code "AO2", 
(6) the Secondary-Source-Generation Code, and (7) the Tape-Read Code. i n  
add i t ion ,  the o r i g i n a l  vers ion had no geometry check rout ines t o  i d e n t i f y  
over lapping o r  otherwise erroneous input  t o  the geometry rout ine.  This 
resu l ted  i n  a very d i f f i c u l t  program t o  run. Some improvements were l a t t e r  
made by Radiat ion Research Associates but s t i l l  the program was d i f f i c u l t  
t o  se t  up and use. Also the geometry rout ines,  although pe rm i t t i ng  
regular  quadr ic surfaces, was r e s t r i c t e d  so t h a t  the p r i n c i p a l  axes of  the 
surfaces had t o  be p a r a l l e l  t o  the coordinate axes. The code system was 
then modif ied and improved by NASA-Lewis t o  produce COHORT-II and by NASA- 
MSFC/Brown Engineering t o  produce CAVEAT (see CAVEAT review). 
ponent codes o f  COHORT were in tegrated t o  run as a s ing le  program c a l l e d  
COHORT-I 1 .  This permited increased e f f i c i e n c y  since i n  the o r i g i n a l  
system several ar rays were computed i n  one code and recomputed again i n  
another code i n  the  ca l cu la t i ona l  sequence, whereas, i n  C O H O R T - I 1  these 
arrays are stored and reused. The geometry spec i f i ca t i on  was changed t o  
permi t  general quadr ic surfaces and several o ther  improvements were incor-  
porated. However, COHORT-II i s  not  ye t  f u l l y  documented and checked out  
w i t h  sample problems. U n t i l  t h i s  i s  completed there would be a large un- 
c e r t a i n t y  i n  whether the program could meet the  requirements of the INAP 
Code System wi thout  extensive modi f icat ions which would be beyond the 
scope of the contract .  Therefore, the o r i g i n a l  COHORT i s  c l e a r l y  not 
acceptable and, a t  the present time, COHORT-II i s  no t  considered des i rab le 
f o r  i n teg ra t i on  i n t o  the INAP Code System, 

( 1 )  the 

The com- 
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NAME 

CAVEAT 
- 

PROGRAM' LANGUAGE 

For t ran I V  

APPL I CABLE COMPUTER/SOFTWARE 

I BMs 360-75, UNlVAC 1108, CDC 6400 

DESCRIPTION 

Problem Solved 

CAVEAT determines the t i m e  dependent neutron o r  gamma f l u x  and dose 
r a t e  a t  spec i f ied  po in t  detectors from point ,  surface o r  volume sources 
i n  complex three-dimensional geometry. I n  add i t ion ,  steady s t a t e  
responses o f  volume detectors may be determined. 

METHOD OF SOLUTION 

CAVEAT uses the analog Monte Car lo technique i n  complex three-dimen- 
s iona l  geometries spec i f ied  by general quadr ic surfaces t o  determine 
the f l u x  a t  spec i f i ed  p o i n t  detectors o r  the  t rack  length i n  de tec tor  
regions. Variance reduct ion techniques used i n  the code are Russian 
Roulet te o r  the exponential t rack  length s t re tch ing .  Analysis 
rout ines are included i n  the code system. 

INPUT/OUTPUT 

The program must be operated as a system and input  must pass from pro- 
gram t o  program i n  the system, as w e l l  as, provided from wi thout .  

RESTRICTIONS OR LIMITATIONS 

Source energy spectrum must be the same i n  each volume source regions. 
Source regions must be r i g h t  c i r c u l a r  cy l inders ,  spheres o r  regular  
para l le lop ipeds a l igned w i th  p r i n c i p a l  axes. P a r t i c l e  s p l i t t i n g  not 
included i n  the variance reduct ion options. 

TYPICAL RUNNING T I M E  

Not noted 

0 R I G I NATO R 

Brown Engineering, A D iv i s ion  o f  Teledyne Corporation, Hun tsv i l l e ,  
A I  abama 

AVAILABILITY 

Code not  p resent ly  avai lab le.  
Radiat ion Shie ld ing Informat ion Center but  w i l l  no t  be packaged and 
released by RSlC u n t i l  a sample problem i s  provided by the o r ig ina to r .  

Has been released by o r i g i n a t o r  to  the 



Page 14-17 

NAME : CAVEAT (Continued) 

REFERENCES 

Reference # 15 

CRITICAL REVIEW 

CAVEAT i s  a fu r ther  development o f  the COHORT Monte Car lo code system. 
The 1962 standard atmospheric densi ty  v a r i a t i o n  has been b u i l t  i n t o  the 
code and t ime dependence has been added f o r  po in t  detectors. The pro- 
gram s t i l l  operates as a system o f  component programs operat ing inde- 
pendently but  w i t h  data t rans fe r red  from code t o  code by punched cards 
and magnetic tape. Analysis rout ines are contained i n  the system 
package. Pointwise cross sect ion data f i l e s  and cross sect ion prepar- 
a t i o n  programs are included. I n  add i t ion  t o  improved c a p a b i l i t y  
CAVEAT i s  more e f f i c i e n t  than the o r i g i n a l  COHORT system. The source 
spec i f i ca t i on  i n  CAVEAT requires t h a t  f o r  volume source regions the 
energy spectrum i n  each region must be the same. Since the a c t i v a t i o n  
gamma source energy spectrum w i l l  vary from region t o  region according 
t o  the d i f f e r e n t  mater ia ls  i n  each region i t  i s  necessary t h a t  the 
gamma ray sh ie ld ing  module have the c a p a b i l i t y  t o  handle d i f f e r e n t  
spectra otherwise i t  would be necessary t o  run separate ca lcu la t ions  
f o r  each region and recombine the resu l t s  external  t o  the code system. 
Another reason f o r  not consider ing CAVEAT f o r  use i n  the code system 
i s  t h a t  i t  i s  not  ava i l ab le  from R S l C  w i t h  a sample problem. I t  would 
be beyond the scope o f  t h i s  cont rac t  t o  develop and v e r i f y  a sample 
problem f o r  a component code. 
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NAME 

MORSE 

PROGRAM LANGUAGE 

FORT RAN 

- 

APPLICABLE COMPUTER/SOFTWARE 

IBM 360, CDC 1604, CDC 6000 
I r .." 

DESCRIPTION 

Problem Solved 

Mult ipurpose t ranspor t  code solves the neutron and gamma o r  coupled neutron- 
gama t ranspor t  problem i n  general ized geometry and i n  the forward o r  a d j o i n t  
mode. Time dependence fo r  sh ie ld ing  and reactor  c r i t i c a l i t y  problems i s  
provided. 

METHOD OF SOLUTION 

The Monte Carlo method i s  u t i l i z e d  by MORSE. 
sect ion data are used w i t h  an i so t rop i c  s c a t t e r i n g  t rea ted  by a general ized 
Gaussian quadrature technique. Several types o f  importance sampling tech- 
niques are provided inc lud ing  Russian rou le t te ,  s p l i t t i n g  and exponential 
b i  as i ng. 

Standard mult igroup cross 

I NPUT/QUTPUT 

Input consists o f  geometry and source descr ip t ion,  standard mult igroup cross 
sect ion data, response funct ions,  detector,  energy and time b i n  s t ructure.  
Output may take almost un l im i ted  form as a d iagnost ic  package has been pro- 
v ided and can be a l t e r e d  t o  f i t  ones needs. 

RESTRICTIONS OR LIMITATIONS 

No serious r e s t r i c t i o n s  o r  l i m i t a t i o n s .  An extremely general computer model. 
Should adequately s a t i s f y  the complex geometry requirements of the INAP 
system as we l l  as the neutron and gamma t ranspor t  requirements. 

TYPICAL RUNNING TIME 

Running t ime i s  problem dependent ranging from several minutes t o  an hour or 
more per case on the CDC 6500 d e p ~ n d ~ n ~  on the co 

ORIGINATOR 

ORNL 

AVAILABILITY 

i l a b l e  a t  TRW or from Codes Coordinator, Radiat i  i e l d i n g  Informat ion 
t e r ,  Oak Ridge Nat ional  Lab, P.O. Box X ,  Oak Rid ennessee 37830 e 

Code Package CCC-127. 

. 
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- NAME : MORSE (Cont i nued) 

REFERENCES 

Reference #16 

CRITICAL REVIEW 

The MORSE code i s  one o f  the b e t t e r  documented and most genera l ly  des i rab le 
of the candidate Monte Car lo t ranspor t  codes f o r  the INAP system. Some 
features o f  MORSE include: 
neutrons o r  gamma rays o r  a coupled neutron and secondary-gamma-ray problem; 
the op t i on  of  so l v ing  e i t h e r  the forward or a d j o i n t  problem; the incorpor- 
a t i o n  of mult igroup cross sections; one, two, o r  three-dimensional geometry 
descr ip t ion;  modular input-output,  cross sect ion,  analysis,  and geometry 
packages; t ime dependence f o r  both sh ie ld ing  and c r i t i c a l i t y  problems; 
albedo op t i on  a t  any mater ia l  boundary; and opt ional  importance sampling. 

The bas i c  l o g i c  o f  the 06R code was modif ied t o  incorporate the features of  
the MORSE code. When mult igroup cross sect ions are read from cards ( the 
same input  used by ANISN and DOT) there are no tapes required. (The use of  
ANISN type cross sect ions makes i t  possible t o  u t i l i z e  the vast e f f o r t s  t h a t  
have been devoted to mult igroup cross sect ion preparation.) The batch pro- 
cessing feature of 06R i s  re ta ined f o r  the determinat ion o f  s t a t i s t i c a l  
estimates; however, a p a r t i c l e  i s  fo l lowed from b i r t h  to death wi thout  
be i ng banked. 

I n  terms o f  running time, improvements o f  a factor  o f  2 over 0 6 ~  have been 
obtained by Straker a t  ORNL. 

The code includes a l l  analysis rout ines and therefore does not  have the d i s -  
advantage of intermediate program input/output and tape handling. I n  
addi t ion,  the diagnost ics package included would enable r e l a t i v e l y  easy i n -  
t e g r a t i o n  i n t o  the a c t i v a t i o n  system. I n  order t o  u t i l i z e  MORSE as the 
neutron and gamma t ranspor t  module o f  the INAP system, code modif icat ions 
w i l l  be required t o  output the appropr iate neutron data i n  NAP format. Also 
the NAP code w i l l  requi re  mod i f i ca t i on  t o  w r i t e  a gamma source tape i n  MORSE 
format f o r  the a c t i v a t i o n  gamma t ranspor t  problem. 
MORSE has the same general ized geometry rout ines as has 05R and OGRE-G, 
making i t  compatible i n  t h i s  respect w i t h  e i t h e r  o f  these codes. 

The major shortcoming of the MORSE code i s  i t s  lack o f  capabi 1 i t y  t o  
accomodate general sources and volume detectors. This f a c t  precludes 
the a p p l i c a t i o n  of MORSE i n t o  the INAP system since a s i g n i f i c a n t  e f f o r t  
would be required t o  provide such a c a p a b i l i t y .  

the a b i l i t y  t o  t r e a t  the t ranspor t  of e i t h e r  

I t  should be noted t h a t  
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NAME 
_IC 

FMC - N/FMC-G 

PROGRAM LANGUAGE 

For t ran 63 and CB DAP, For t ran  1 1  and FAP 

APPLICABLE COMPUTER/SOFTWARE 

CDC 1604B, I B M  7044, 7094, and 7094 

DESCRIPTION 

Problem Solved 

FMC-N and FMC-G solve the  t ranspor t  equation, as re la ted  t o  rad ia t i on  
sh ie ld ing ,  w i t h  some degree o f  genera l i ty .  I t  provides f l e x i b i l i t y  i n  
the geometrical,  mater ia l ,  nuclear,  and source descr ip t ions o f  source- 
sh ie ld  conf igurat ions and var iance reduct ion techniques. Homogenous 
regions are enclosed by surfaces described by the  general equation 

2 2 + BY2 + CZ AX + DX + EY + FZ - G'= 0. 

METHOD OF SOLUTION 

FMC-N and FMC-G apply the Monte Car lo methods t o  s imulate neutron and 
gamma ray h i s t o r i e s  i n  source-shield Configurations. A non-optional 
s t a t i s t i c a l  est imat ion technique of  weight ing f o r  absorpt ion escape i s  
appl ied a t  each c o l l i s i o n .  Opt ional  s t a t i s t i c a l  est imat ion techniques 
may be used f o r  scor ing entrance t a l l i e s  and mandatory leakage t a l l i e s .  
F l e x i b i l i t y  i n  sampling from source spectra i s  achieved by using energy 
group-averaged accelerat ion factors .  
s p l i t t i n g  and Russian Roulet te  depending on energy, region, and l o c a t i o n  
w i t h i n  a region; Russ ianbu le t te  on p a r t i c l e s  whose weights f a l l s  below 
the weight c u t o f f ,  and exponential t ransformat ion.  

Importance sampling opt ions are 

I NPUT/OUTPUT 

Input cons is ts  o f  the normal geometry and source descr ip t ion ,  element 
densi t ies,  detectors,  e tc .  Output includes independently opt ional  
absorpt ion o r  energy deposi t ion t a l l i e s ,  Monte Car lo entrance and leakage 
t a l l i e s ,  expectat ion entrance and leakage t a l l i e s ,  and h i s t o r y  t a l l i e s  of  
p a r t i c l e s  reach I ng selected regions. 

RESTRBCTBONS OR LiMlTATlONS 

o serious r e s t r i c t i o n s  o r  l i m i t a t i o n s  other  than normal s i z e  considerat ions.  

.. 

1 t o  5 hours dependin 
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- NAME: FMC - N/FMC-G (Continued) 

OR1 G I NATOR 

Nuclear Mater la ls  and Propuls ion Operation, General E l e c t r i c  Co., 
Cinc innat i ,  Ohio. P r a t t  and Whitney Ai rcraf t -Canel ,  Middletown, 
Connect i cu t  e 

AVA I LA6 I L I TY 

Codes Coordinator Oak Ridge National Laboratory, Oak Ridge, Tennessee, 
P. 0. Box X .  Computer Packages - C C C - 1 4 ,  C C C - 1 5 .  

REFERENCES 

References 17, 18, and 19 

CRITICAL R E V I E W  

Th is  code system i s  rejected. I t  has machine language subroutines which 
would requ i re  r e w r i t i n g  i n  FORTRAN. I t  i s  r e a l l y  a system o f  codes and 
requires programmer manipulat ion o f  inpu t  and output data. The geometry 
rou t i ne  i s  not  as general as might be des i red f o r  the  engineering s t ruc tu res  
t o  be studied. I t  i s  vo id  o f  any unique features which make t h i s  code more 
des i rab le  fo r  inc lud ion  i n  the INAP code than any other  production code. 
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NAME 

UNC-SAM-X 
_L_ 

P RO G RAM LAN GUAGE 

For t ran 63 

APPLICABLE COMPUTER/SOITWARE 

CDC 6500/6600, CDC 1604-A 
BaB 1 i s t i  c Research Laboratory's BRLESC computer 

DESCRIPTION 

Problem Solved 

Solves the t ime dependent neutron and gamma t ranspor t  problem i n  general ized 
geometry to  provide time and energy dependent f i e l d  re la ted  output 'data.  

METHOD OF SOLUTION 

The Monte Car lo method i s  used by UNC-SAM-X. Microscopic cross sect ion 
data are input  t o  the code from standard data tapes. Several important 
sampling opt ions are avai lab le.  

I NPUT/OUTPUT 

Input consists of geometry and source descr ip t ion ,  mater ia l  composition, 
response functions, and output detector,  energy and t ime b i n  s t ruc tu re .  
Microscopic cross sect ions are input  from standard UNC-SAM-X data tapes. 
Output cons is ts  o f  t ime and energy dependent f i e l d  quan t i t i es  such as f l u x ,  
fluence, dose rate, dose etc .  

RESTRICTIONS OR LIMITATIONS 

No serious l i m i t a t i o n s  e x i s t  on s i z e  o f  prob 
s p e c i f i c a t i o n  i s  r e l a t i v e l y  l im i ted .  I t  w i l  
o r  i s o t r o p i c  source. 

ems, however, t he  source 
accept on ly  a monodi r e c t  iona 

TYPICAL RUNNING TIME 
Several minutes t o  an hour per case. 

OR1 G INATOR 

United Nuclear Corporation 

AVAILABILITY 

Radiat ion Shie ld ing Informat ion Center, Oak Ridge Nat ional  Laboratory, 
Oak Ridge, Tennessee. Code Package # K C -  

References 20 and 21 
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C-SAM-X (Continued) - 
CRITICAL ~ ~ W ~ E W  

The UNC-SAM-X code i s  a general purpose PPonte Car lo code w i t h  cross sect ion 
data tapes, cross sect ion generating rout ines,  and sel f -contained analys is  
rout ines i n  the code. The codes w i l l  t r e a t  general three-dimensional geometry, 
however, there are l im i ta t i ons .  General quadr ic are not  a1 l w e d ,  on ly  spheres, 
wedges and rectangular paral te lopipeds. Also, imbedding or combining volumes 
t o  form more complex WQIURI~S is not  permitted. This represents a ra ther  

im i ted  c a p a b i l i t y  f o r  geometry descr ip t ion  when compared w i t h  most cqmplex 
geometry Monte Car lo  codes developed I n  the past f i v e  years. 

The UNC-SAM-X code does not accept an input  source which var ies w i t h  the 
d i r e c t i o n a l  var iab les,  t h a t  Is, the source angular d i s t r i b u t i o n  i s  requi red 
to be i s o t r o p i c ' o r  a l l  i n  one d i rec t i on .  Also, i t  I s  required t h a t  the energy 
dependence of the source be the same for a l l  regions o r  po ints  a t  which a 
source i s  input.  An add i t iona l  disadvantage i s  tha t  the  d iagnost ic  rout ines 
f o r  checking out the consistency of  the geometry model are not p r i n t e d  out by 
the code u n t l l  a p a r t i c l e  crosses the boundary i n  e r ro r ,  T h i s  requires the 
user t o  check ou t  t he  geometry w i  th t e s t  runs using "dummy sources" o r  by 
some means outs ide the code t o  avoid the r i s k  o f  f i n d i n g  the geometry e r r o r s  
dur ing la rge  cos t l y  product ion runs. 

Perhaps the  major dlsadvant e o f  t h i s  code i s  tha t  i t  i s  not adequately 
documented and i t  i s  progra nner which makes i t  d i f f i c u l t  t o  modi- 
f y  and adapt f o r  d i f f e r e n t  Only a very general f low char t  which 
shows the var ious over lays of the  code i s  provided i n  t h i s  programmers 
manual. Also, there  are not  s u f f i c i e n t  commend statements i n  the code i t s e l f  
t o  provide an understanding o f  the  various funct ions of the subroutines, 
t h i s  code extensive use o f  I8ppaeki 
e f f i c i e n t  use of  core storage. ki 
or comment statements i t  i s  not  wen i e n t  to reprogram the r o u t i  nes whi ch 
perform these functions. D e to  va r ia t i ons  i n  basic word s izes f o r  d i f f e r e n t  
computers i t  i s  usua l l y  ecessary t o  change these rout ines when adapting the 
code to  run on d i f f e r e n t  

The major d i f f e rence  between UNC-SAM-3 and U C-SAM-2 i s  t h a t  the former has 
been modif ied t o  read and u t i l i z e  pointwise cross' sect ion data from a tape 
i n  the ENDF/B format. Other d i f fe rences  are i n t e r n a l  and do not e f fec t  the  
input.  

I n  
'I and "masking" was employed t o  make 
ever, w i t h  no assistance from the manual 
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NAME 

OGRE-G 
- 

PROGRAM LANGUAGE 

FORTRAN I I E FAP, I BM 7090 
FORTRAN I V ,  IBM 360/50 E 360175 

APPLICABLE COMPUTER/SOFTWARE 

FORTRAN 63 E CODAP, CDC 1604 
FORTRAN I V ,  OBM 7090 

CDC- 1604, I BM-7090, I BM-360/50 E 360/75 

DESCRIPTION 

P rob 1 em Sol ved 

Solves the steady s t a t e  gamma t ranspor t  problem i n  general ized three dimensional 
geometry and computes gamma f i e l d  re la ted  quan t i t i es  a t  a r b i t r a r y  detector  
po in ts  w i t h i n  the system. 

METHOD OF SOLUTION 

The Monte Car lo method i s  u t i l i z e d  by OGRE-G t o  generate case h i s t o r i e s  o f  
gamma rays i n  the prescr ibed system and t o  produce averages o f  any desired 
steady s t a t e  gamma f i e l d  re la ted  quant i t ies .  Importance sampling i s  no t  a v a i l -  
able i n  the present version. Forced sca t te r ing  w i t h  s t a t i s t i c a l  est imat ion i s  
employed a t  each c o l l i s i o n .  

INPUT/OUTPUT 

Input cons is ts  of geometry and source descr ip t ion,  elemental densi t ies,  
detector  po in ts  and response funct ions.  Output i s  the spec i f ied  f i e l d  quan t i t y  
a t  the detector  po ints ,  f luence o r  dose. 

RE STR I CT IONS OR L I M I TAT IONS 

No serious r e s t r i c t i o n s  o r  l i m i t a t i o n s .  L imi ted t o  gamma t ranspor t  on l y  but 
should be candidate f o r  gamma module i n  INAP system. 

TYPICAL RUNNING T I M E  

Running time i s  problem dependent ranging from several minutes t o  an hour o r  
e x i  ty. more per case on CDC 6500 depend 

OR I G 1 NATO R 

ORNL 

AVAlLABlLlTY 

ng on problem comp 

Avai lab le from Codes Coordinator Radiat ion Shie ld ing informat ion Center, 
Oak Ridge Nat ional  Laboratory, P. 0. Box )o Oak Ridge, Tennessee 37830. 
Code Package C C C - 4 6 .  

REFERENCES 

Reference #22 
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- NAME : OGRE-G (Con t i nued) 

CRITICAL R E V I E W  

The OGRE-G code was designed t o  ca lcu la te ,  by Monte Car lo methods, any 
quan t i t y  re la ted  t o  steady s t a t e  gamma t ranspor t .  The code i s  w e l l  dscu- 
mented, r e l i a b l e  and could be adapted f o r  use as the gamma t ranspor t  module 
i n  the INAP system. A neutron t ranspor t  code such as 05R would be requi red 
as the neutron module a t  the f r o n t  end of the package. This combination 
would take advantage of the fact  t h a t  both programs u t i l i z e  the same gener- 
a l i z e d  geometry rout ines and would be compatible in t h i s  respect. 
OGRE-G contains a general ized analys is  package f o r  est imat ing gamma f i e l d  re- 
l a t e d  quan t i t i es  a t  a r b i t r a r y  de tec tor  po ints .  
s t ructured,  a very general source desc r ip t i on  may be employed by reading a 
user prepared.source tape. The code system i s  designed t o  achieve gener- 
a l i t y  by ease o f  modi f icat ion.  The basic,  essent ia l  funct ions o f  the random 
walk p a r t i c l e  t ranspor t  problem are  modularized w i t h i n  the code t o  permit  
easy access and mod i f i ca t ion  wi thout  ser ious per tu rba t ion  t o  the remainder of 
the code. 

No importance sampling c a p a b i l i t y  i s  contained i n  the present vers ion o f  the 
code, and i s  not  s t ruc tu red  t o  output  t ime and energy dependent resu l t s .  H o w -  
ever, these c a p a b i l i t i e s  can be added w i thout  extensive e f f o r t .  . 

Microscopic cross sec t ion  data for use by OGRE-G i s  prepared on a master 
tape by the a u x i l i a r y  cross sec t ion  code XSECT which may be used t o  o r i g ina te ,  
update, o r  e d i t  the master cross sec t ion  tape. This master tape i s  then 
u t i l i z e d  d i r e c t l y  by OGRE-G t o  generate the d e t a i l e d  problem p e c u l i a r  macro- 
scopic cross sect ion tab les t o  be used i n  a p a r t i c u l a r  ca lcu la t ion .  

I n  add i t ion ,  

As the code is present ly  
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- 
AIRTRANS - A Time-dependent Monte Car lo System f o r  Rat i a t i o n  Transport 

a Var iab le Densi ty Atmosphere and the Ground 

PROGRAH LANGUAGE 

FORT WAN 

APPLICABLE COMPUTER/SOFTWARE 

COC-O6S4, CDC-6008, UNIWAC 1108 

DES CR 1 PT I ON 

Problem Solved 

' n  

AIRTRANS ca lcu lates fo r  an a i r  over ground conf igura t ion  the rad ia t i on  f i e l d  
produced by neutron and/or gamma-ray sources i n  the atmosphere. 

METHOD OF SOLUTION 

A l l  t rack ing  of rad ia t i on  and f l u x  est imat ion i s  performed by the Monte Car lo  
method. The system ca lcu la tes  unco l l ided  f luxes a n a l y t i c a l l y  and the  c o l l i d e d  
f luxes by the  "once-more-col1 'ided'' f lux-at-a-podnt technique. 

The geometrical conf igurat ion consis ts  o f  a rea l  atmosphere (densi ty var ies  as 
a funct ion o f  a l t i t u d e )  over ground and employs a f l a t  earth. 

I NPUT/OUTPUT 

Input to the A I  RTRANlS system i s  by cards and tapes. 
for running problems i s  suppl ied w i t h  the  system and input  cons is ts  o f  
se lec t i ng  the op t ion  t o  be used. 
pendent f luxes and t h e i r  re la ted  funct ionals .  As op t iona l  secondary gamma 
source tape can be generated i n  conjunct ion w i t h  the neutron t ranspor t  
ca l cu la t i on  for secondary gamma calcu lat ions.  

Most o f  the data requi red 

Output cons is ts  o f  the  t ime and energy de- 

RESTRICTIONS OR LIMITATIONS 

The data set  i s  r e s t r i c t e d  to  use t h a t  suppl ied by the  system. Also there i s  
an upper l i m i t  to the number o f  t ime-energy-detectors avai lab le.  Although 
t h i s  l i m i t  does not appear to  be r e s t r i c t i v e ,  

TYPICAL RUNNING TIME 

Sample problem on the CDC 0604: ADRSCA = 3 min, R A T O ~ ~  = 3 mfn, U ~ ~ W A ~  1108 
var  I es from 1 /4 t o  1 /2  sec/h I story/detectoi-.  

P 

O R ~ G ~ ~ A ~ O R  

Contr ibutor  - Douglas M i s s i l e  & Space Systems Div. - Santa Monic 

AVA I LAB I L I TY 

Codes Coordinator - Radiat ion Shie ld ing I n  nter ,  ORNL Oak Ridge, 
nessee, 9 , O .  Box X.  Send one r e e l  magne d desired code version. 
e Package CCC-1'6 
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NAME: AIRTRANS (Continued) - 
REFERENCES 

References 23 and 24 

CRITICAL REVIEW 

This code f a i l s  to meet the requirements of the  INAP system, The geometry 
and cross sect ions are specia l ized f o r  the  a i r  over ground conf igurat ion 
and are  more app l icab le  to other  systems. Adaptation o f  t h i s  code would 
requi re a considerable amount o f  code rewr i t ing .  
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NAME 

ATHENA 
- 

PROGRAM LANGUAGE 

For t ran I V  

APPLICABLE COMPUTER/SOFTWARE 

1Bp"r 7090 and 7094, CDC 1604 

DESCR I PT I ON 

Problem Solved 

The ATHENA system c o n s i s t s d  a number o f  coordinated computer programs 
for  the s o l u t i o n  o f  rad ia t i on  t ranspor t  and heat ing problems i n  complex 
geometries, w i t h  special  emphasis on the computation o f  gamma ray heat ing 
i n  reactor cores. 

METHOD OF SOLUTION 

Modeled a f t e r  the UNC-SAM code the ATHENA program uses the Monte Car lo 
technique t o  fo l l ow  the neutron and gamma-ray h i s t o r i e s .  
opt ions are ava i l ab le  i n  ATHENA, a 360" c y l i n d r i c a l  geometry and a 30" 
symmetrical geometry. ATHENA uses s p a t i a l  and energy importance sampling, 
s p l i t t i n g  and Russian Roulette, and po in t  detectors and has a thermal 
opt ion.  

Two geometries 

INPUT/OUTPUT 

Input requ i redae  geometry cross sect ions and problem parameters. Output 
cons is ts  of energies and region f luxes,  t o t a l  and volumatic heat deposi t ion 
(gamma) and a p r t i c l e  c o l l i s i o n  tape. 

RESTRICTIONS AND LlMlTATlONS 

Normal problem s i ze  r e s t r i c t i o n s  ex i s t .  

TYPICAL RUNNING TIME 

Dependent on prob 

OR1 G I  NATOR 

Oak Ridge Haeiona 

~ ~ A ~ ~ A ~ ~ ~ ~ T ~  

c 

em 

Laboratory 

REFERENCE 

Reference #25 
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- NAME: ATHENA (Continued) 

CRITICAL REVIEW 

The ATHENA code system was assembled to  handle a s p e c i f i c  type problem 
and as such i s  s t ruc tu red  t o  ca l cu la te  t h a t  problem e f f i c i e n t l y .  
o ther  problems not  s i m i l a r  t o  the ATHENA problem are not handled’and 
would have t o  be approximately handled. 
c a l  reactor  and heat ing problems and INAP needs a general s t r u c t u r a l  
capab i l i t y .  Therefore, t h i s  code i s  rejected, 

However, 

The ATHENA code handles c y l i n d r i -  
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! 

AME 
$7 

RS: Monte, Car lo  Transport Calcu lat ion 

PROGRAM LANGUAGE 

FO WT RAN 
\ - AF’PL I CABLE COMPUTERI’SOFTWARE 

CDC- 6600 

DESCR I PT I ON 

Problem Solved 

The SBRS code i s  used f o r  ca l cu la t i ng  the time-dependent t ranspor t  o f  
neutrons and gamma-rays throu h complex geometries s a t i s f y i n g  the 
equation. (x  - xo)2 + (y-yo) 9 + ( z - z o ) 2  - k = 0. 

METHOD OF SOLUTION 

SBRS uses the Monte Car lo technique t o  follow the p a r t i c l e  in te rac t ions  
through complex media. The c o l l i s i o n  rou t ine  allows f o r  both i s o t r o p i c  
and an iso t rop ic  and for  both e l a s t i c  and i n e l a s t i c  sca t te r ing .  The 
variance reduct ion methods used are expected-value ca lcu la t ions ,  s p l i t t i n g ,  
and Russian Roulette. 

INPUT/OUTPUT 

input  required includes the norma’. geometry, mater ia l ,  and source spec i f i ca-  
t ions.  Cross sec t ion  data i s  suppl ied by a master data f i l e .  Output i s  
the normal rad ia t i on  f i e l d  quant i t ies .  

RESTRICTIONS OR L lM lTAT lONS 

Code i s  r e s t r i c t e d  i n  s i z e  o f  problem as var iab le  dimensioning i s  no t  used. 

TYPICAL RUNNING TIME 

Not noted 

OR I G I  NATOR 

Lawrence Radiat ion Laboratory, Livermore, Cal i f o r n i a  
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NAME : - S0RS (Cont i nued) 

AVAl LAB I L 1 TY 

Codes Coordinator Radiat ion Shie ld ing Informat ion Center, Oak Ridge Nat ional  
Laboratory, Oak Ridge, Tennessee. 

un 

Code Package CCC-145 .  

REFERENCES 

References 26 and 27 

CRITICAL REVIEW 

The S0RS code does not a l l ow  f o r  as complex geometry as o the r  a v a i l a b l e  
codes and i s  more o r ien ted  t o  do the nuclear weapons output ca l cu la t i ons .  
This, o f  course, r e s t r i c t s  the type o f  problem tha t  can be handled; therefore,  
t h i s  code i s  rejected. 
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NAME 

SAM-C 
_I_ 

PROGRAM LANGUAGE 

For t ran I V  

APPLICABLE COMPUTER/SOFTWARE 

CDC-6600 

DESCRl  PT I O N  

Problem Solved 

SAM-C ca lcu la tes  the time-dependent t ranspor t  o f  neutrons o r  gama-rays through 
complex three-dimensional geometrical conf igurat ions t o  provide t i m e  and energy 
dependent f i e l  d r e  1 ated data. 

METHOD OF SOLUTION 

SAM-C i s  based i n  la rge  measure on the UNC-SAM-2 Monte Car lo code. The primary 
d i f ference i s  t h a t  SAM-C uses conb ina tor ia l  geometry and i s  therefore capable 
o f  represent ing more complex assemblies. 

INPUTIOUTPUT 

input  cons is ts  o f  geometry and source descr lp i ton,  mater ia l  composition, response 
funct ions,  and output detector,  energy and t i m e  b i n  s t ruc tu re .  Microscopic cross 
sect ions are input  from standard UNC-SAM-2 data tapes. Output cons is ts  of t ime 
and energy dependent f i e l d  quan t i t i es  such as f lux ,  f luence, dose rate,  dose etc .  

RESTRICTIONS OR, LIMITATIONS 

No serious l i m i t a t i o n s  e x i s t  on s i ze  o f  problems, however, the source spec i f i -  
ca t ion  i s  r e l a t i v e l y  l im i ted .  I t  w i l l  accept on l y  a monodirectional or  iso- 
t r o p i c  source. 

TYPICAL RUNNING TIME 

Probably several minutes t o  an hour per case. 

OR I GI NATOR 

Mathematical Appl icat ions Group, Inc. White Pla ins,  N.Y. U.S. A rmy  B a l l i s t i c  
Research Laboratory A1 berde n Proving Ground-Maryland, U.S. Army Nuclear 
Defense Laboratory-Edgewood Arsenal , Maryland. 

Radiat ion Shiel  
Ridge, Tennessee, P.O. Box X 

r, Oak Ridge 
Code P a c k a ~ ~  #CCC- 

Na t 
14 

onal Laboratory, Oak 

REFERENCES 
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NAME: SAH-C (Conti nued) - 
The SAM-C code i s  an improved version o f  the UNC-SAM-2 code w i t h  the most 
important modif icat ions being s i g n i f i c a n t l y  improved geometry spec i f i ca t i on  
and the development o f  adequate documentation f o r  using and modifying the  
program. Other features and l i m i t a t i o n s  of  the UNC-SAM code are unchanged 
i n  the SAM-C code and the C r i t i c a l  Review o f  UNC-SAM-X should be refer red 
t o  f o r  fu r ther  de ta i l s .  The SAM-C geometry input  accepts n ine d i f fe ren t  
regular shapes and permits imbedding and combining these shapes t o  model 
more complex shapes. 
(except for rectangular paral le loplpeds) and t h e i r  s ize  and loca t ion  may be 
speci f ied conveniently w i th  a mlnlmal amount o f  input data required. 

Also the o r ien ta t i on  o f  these shapes i s  a r b i t r a r y  

The reason tha t  SAM-C was not selected f o r  fu r ther  considerat ion i n  the 
1 NAP code d e w  1 opment was because the code i s programmed u t i  'I 1 z 'i ng "pack i ng'' 
and "masking'! t o  more e f f i  c l e n t l y  u t i  1 i z e  aval l a b l e  core storage, 
i s  w r i t t e n  Tor CDC 6000 ser ies computers w i t h  a bas ic  word s i ze  of 
s i x t y  b i t s  whi le  the UNIWAC 1108 has a word s i z e  of  t h r i t y - s i x  b i t s  i n  
s ing le  precis ion.  Therefore, a l l  o f  the packing and masking operations in 
SAM-C must be reprogrammed i n  order t o  operate on an 1108. Although the 
program i s  i n  FORTW 1V i t  w i l l  require s i g n i f i c a n t  mod i f i ca t ion  to adapt 
fo r  o ther  computers j u s t  as i f  p a r t  o f  i t  were w r i t t e n  i n  assembly language. 
Such modi f icat lon i s  f e l t  t o  be beyond the scope of  the contract .  

SAM-C 
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D I SCRETE OR0 I NATES 

NAME 

AM I SN 
- 
PROGRAM LANGUAGE 

For t ran I V  

APPLICABLE COMPUTER/SOFTWARE 

C 6600, 6500, 1 

Problem Solved 

ANlSN solves the one-dimensional Bolttmann t ranspor t  equat ion for neutrons 
o r  gamma-rays i n  slab, sphere o r  cy l i nde r  geometry for  f i x e d  and/or . f iss?on-  
able sources. 

. METHOD OF SOLUTION 

ANlSN uses an advanced d i sc re te  ord inates method. 
s c a t t e r i n g  i s  t rea ted  and c r i t i c a l i t y  search i s  performed on any one of 
several parameters. Cross sect ions may be space energy weighted and wh i te  
and gray a1 bedo condi t ions are avai lab le .  

I .sotropic or an i so t rop i c  

INPUT/OUTPUT 

Input requi res mesh spacing, mater ia l  composition, cross sect ions,  source 
descr ip t ion,  and problem opt ions.  Output i s  a l l  the associated r a d i a t i o n  
f i e 1 d pa r ame t e r s . 
RESTRICTIONS OR LIMITATIONS 

Problem s i z e  i s  r e s t r i c t e d  on ly  by machine size. 

lCAL RUNNING TIM 

D e ~ e ~ ~ ~ n ~  on problem, can run from minutes to  an hour or more. 

Computing Technology Center, Oak idge Nat ional  Laboratory 

AVAILABILITY 

d ing  Informat ion Center, 0 Nat ional  Laboratory, 

References 29 an 
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NAME : AN I SN (cont i nued) 
_c 

CRITICAL REVIEW 

The geometry requf red by the engineering s t ruc tu res  o f  the nuclear veh ic le  
o r  t e s t  stand exceeds the c a p a b i l i t y  o f  a one-dimensional code. However, 
i f  the s i t u a t i o n  requi red using a l i m i t e d  one-dimensional code a d isc re te  
ord inates code should be used. 

A one-dimensional d i sc re te  ord inates c a l c u l a t i o n  f o r  sh ie ld ing  app l ica t ions  
has the  fo l lowing advantages: 

I )  I t  I S  normally eas ier  to  prepare. 

2) The method i s  not  s tochast ic ,  and f l u x  e r ro rs  a t  
deep penetrat ion are systemat ic ra ther  than s t a t i s -  
i c a l  e 

Production problems having s i m i l a r  cha rac te r i s t i cs  
benef i t  from knowledge o f  f luxes ca lcu lated i n  a 
s imi l a r  case. 

Secondary gamma rays may be ca lcu la ted  by the same 
method, e i t h e r  as a second c l a c u l a t i o n  o r  simul- 
taneous w i th  the neutrons. The gamma ray y i e l d  
d i s t r i b u t i o n  may a lso  be made a func t ion  o f  the 
energy o f  the capture neutrons. 

5) The range o f  neutron energies from highest f i s s i o n  
energies t o  thermal, inc lud ing  upscatter ing,  may 
be ca lcu la ted  by the same method. 

6 )  One-dimensional ca lcu la t ions  are computed much 
fas te r  than a s i m i l a r  Monte Car lo ca lcu la t ion .  

3) 

4) 

Disadvantages of  the d i s c r e t e  ord inates method are: 

The features o f  

Convergence o f  the i t e r a t i v e  method i s  not  always 
uni form and w e l l  defined. 

No bas ic  ground ru les  e x i s t  which def ine f o r  a 
p a r t i c u l a r  problem the best d i r e c t i o n  set, space 
mesh, mult igroup s t ruc tu re ,  and polynomicat ex- 
pansion 1 i m i  t .  

ANISN t h a t  make i t  more a t t r a c t i v e  than some o ther  one- 
dimensional d i sc re te  ordinates code are: 

1) 

2) I t  i s  we l l  documented f o r  use and the input  i s  e a s i l y  

3) 

4) 

I t  i s  one o f  the  most r e l i a b l e  and widely  used one- 
dimensional t ranspor t  codes. 

implemented. 

The output is  complete and can e a s i l y  be adapted t o  the 
INAP code system. 

I t  incorporates a l l  the features o f  any o ther  one- 
dimensional d i sc re te  ordinates code. 

Theiefore,  f o r  a very l i m i t e d  code system A N I S N  i s  the best code ava i l ab le  

. 
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NAME 

DTF I V  - A For t ran I V  Program f o r  Solv ing the Mul t igroup Transport Equation 

A u x i l i a r y  Routine: GAMLEG-Photon Transport Cross-Section Generator 

PROGRAM LANGUAGE 

For t ran IV  

_I_ 

With An is t rop ic  Scat ter ing 

APPL I CABLE COMPUTER/SOFTWARE 

IBM 7090 - 7030 
DESCRIPTION 

P rob 1 em Sol ved 

The l i n e a r ,  time-dependent, Boltzmann equation f o r  p a r t i c l e  t ranspor t  i s  
solved for the energy, space and angular dependence of the p a r t i c l e  d i s t r i -  
buted i n  one-dimensional slabs, cy l inders  and spheres. Independent source 
o r  eiganvalve (mu1 t i p 1  i c a t i o n ,  t ime absorption, element concentrat ion,  zone 
thickness o r  system dimension) problems are solved subject  t o  vaduum, re- 
f l e c t i v e ,  o r  pe r iod i c  boundary condi t ions.  

METHOD OF SOLUTION 

DTF I V  i s  designed t o  solve, by the methods o f  d i sc re te  ordinates (Carlson 
S N ) ,  the mu1 t igroup,  one-dimensional (plane, cy1 inder,  sphere) Boltzmann 
t ranspor t  equation. Anisot rop ic  sca t te r i ng  i s  represented by Legendre 
polynoimial expansion of  the d i f f e r e n t i a l  sca t te r i ng  cross sect ion.  A com- 
p l e t e  energy-transfer s c a t t e r i n g  ma t r i x  i s  a1 lowed f o r  each legendre corn- 
ponent o f  sca t te r i ng  cross sec t ion  matrices. Energy dependence i s  t rea ted  
by the mul t igroup approximation and angular dependence by a general d i sc re te  
ordinates approximation. Anisot rop ic  sca t te r i ng  i s  approximated by a 
t runcated spher ica l  harmonics expansion o f  the sca t te r i ng  kernel w i t h i n  group 
sca t te r i ng  and up sca t te r l ng  ( i f  any) i t e r a t i o n  processes are accelerated by 
system-wide renormi l i za t ion  procedures. General an iso t rop ic  sca t te r i ng  
c a p a b i l i t y  i s  provided i n  each of the three geometries, up-scatter ing con- 
vergence accelerat ion i s  used, an op t iona l  group and polnt-wise convergence 
t e s t  i s  ava i lab le ,  and a neutron conserving negative f l u x  cor rec t ion  rou t ine  
i s  used. GAMLEG provides cross sect ions f o r  photon t ranspor t  problems i n  a 
form su i tab le  f o r  input  t o  DTF I V  

I NPUT/OUTPUT 

input  cons is ts  o f  cross sect ions,  mesh spacing, e tc .  Output i s  the 
associ ated rad i a t i  on f i e l  d quant i  t i e s .  
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(Continued) 

RESTRICTIONS OR LIMITATIONS 

The variab’le dimensioning c a p a b i l i t y  of For t ran I V  has been u t i l i z e d  so 
t h a t  any combination of  number of  groups, number o f  s p a t i a l  i n te rva l s ,  
s i z e  of  angular quadrature, etc. ,  can be used t h a t  w i l l  f i t  w i t h i n  the  
t o t a l  core storage ava i l ab le  t o  a user. The code i t s e l f  requires about 
8000 words, but  i t  can be shortened by de le t i ng  c e r t a i n  subroutines which 
perform opt iona l  ca lcu lat ions.  

TYPICAL RUNNING TIME 

The fo l low ing  times are app l icab le  t o  the I B M  7830 For t ran version: 
(a) One-group, S,6, 40 s p a t i a l  fn te rva ls ,  spher ica l  c r i t i c a l  radius 

search = .833 min. 

Six-group, S48’ 160 s p a t i a l  in te rva ls ,  spher ica l  c r i t i c a l i t y  

search = 29.73 min. 

(b) 

The sample problem ran 0.07 hours on the I B M  7090 

OR I G I NATOR 

Los Alamos S c i e n t i f i c  Lab - T D iv is ion ,  Los Alamos, New Mexico 

AVAILABILITY 

Codes Coordinator - Radiat ion Shie ld ing Informat ion Center, Oak Ridge, 
Tennessee 37830. Send ree l  magnetic tape, Code Package CCC-42 

I .  

REFERENCES 
References 31, 32, and 33 , ‘ I  

CRITICAL REVIEW 

DTF I V  i s  the forerunner f o r  ANISN. 

The ANISN code uses less core storage, i t s  input  i s  s impler,  and i t s  
running t ime i s  shor te r  than DTF I V .  Since ANISN solves the same 
problems more e f f i c i e n t l y  the DTF I V  code i s  re jected. 
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NAME 

DOT: Mul t igroup two-dimensional d i sc re te  ordinates t ranspor t  code w i t h  
- 

ani so t  rop i c scat t e r i  ng. 

PROGRAM LANGUAGE 

For t ran IW 

APPLlCABLE COMPUTER/SOFTWAR 

IBH 7090, IBH 360175, CDC 6680 

D E S C R I P T I O N  

P rob 1 em So 1 ved 

DOT i s  a general purpose program which solves the l i n e a r ,  energy-dependent, 
Boltzmann t ranspor t  equation f o r  two dimensional (r-z, x-y, and r ,O)  geom- 
t r i e s .  

- the f lux ,  averaged i n  the s p a t i a l  i n t e r v a l  surrounding r.,Z In- - * i j g d '  I j '  
tegrated over the energy group g, and averaged i n  the solid segment 
surrounding L! 

The basic  form o f  the so u t i o n  i s  the quan t i t y  $ (ri ,Z.,E ,a ) AE 
J S d  

d'  

METHOD OF SOLUTION 

The gradient o r  convection term i n  the  Boltzmann equat ion i s  approximated 
by a f i n i t e  d i f f e rence  technique known as d i sc re te  ord inates -- Carlson's 
SN method. The insca t te r  i n t e g r a l  i s  approximated by expandlng the d i f -  
f e r e n t i a l  cross sect ion i n  a Legendre ser ies  which allows the i n t e g r a l  to  
be computed by quadrature, DOT w i l l  solve forward o r  a d j o i n t  homogeneous 
or inhomogeneous problems. The inhomogeneous problems may have a volume 
d i s t r i b u t e d  source o r  a spec i f i ed  angular f l u x  a t  the  r i g h t  or top bound- 
a r i e s ;  f i s s i o n s  may be included For a s u b c r i t i c a l  system. Homogeneous 
(eigenvalued) problems w i  1 1  determi ne the fol1 

1. S t a t i c  multipl ;cat ion fac to r  "K" 
2. Time absorption, ''Rossia'' 
3 .  Concentrat ion for a specified "K" 
4. Zone thickness f o r  a spec i f i ed  "K" 

B NPUT/OUTPUT 

inputs are mesh spacing, material comp ion, cross sect ions 
problem parameters. Output i s  the re1 rad ia t i on  f i e l d  qu 

R E S T R I C T i O N S  OR LO 

Problem s i z e  i s  l i m i t e d  by machlne size.  
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NAME: DOT (continued) - 
TYPICAL RUNNING TIME 

Estimated running time on the IBM 7QgQ f o r  t he  two-packaged sample problem: 
16 minutes. 

ORIGINATOR 

Computing Technology Center and ORNL Neutron Physics D i v i s i o n  - Atomics 
In te rna t i ona l  - US A i r  Force Weapons Laboratory 

AWAl LAB1 L ITY 

Codes Coordinator - Radiat ion Shie ld ing informat ion Center, Oak Ridge 
Nat ional  Laboratory, P.0, Box X ,  Oak Ridge, Tennessee, 37830. Code Pack- 
age # C C C - 8 9  

REFERENCES 

References 34, 35, and 36 

CRITICAL REVIEW 

DOT i s  a successor t o  the Los Alamos codes TDC, DDK and DDF which were the 
e a r l i e s t  programs developed t o  apply Carlson's SN method t o  t r e a t  p a r t i c l e  
t ranspor t  i n  two-dimensional geometries. The primary d i f ferences between 
DOT and the e a r l i e r  programs are as fo l laws: 

1. DOT i s  programed i n  For t ran IW 
2. General an i so t rop i c  s c a t t e r i n g  i s  allowed. 
3. Boundary sources may be t reated by speci fy ing the angular 

f l u x  a t  the r i g h t  or top boundaries 
4. Angular f luxes may be p r i n t e d  or w r i t t e n  on binary tape. 
5. The pass B sca l i ng  f o r  problems w i t h  r e f l e c t e d  r i g h t  o r  

top boundaries has been removed. 
6. ! f  the l i n e a r  d i f f e rence  equations produce a negative 

f l u x ,  the f l u x  i s  recalculated using the step func t i on  
d i f f e rence  equations. This technique which i n h i b i t s  
o s c i l l a t i o n  due t o  ex t rapo la t i on  i s  opt ional .  

7. I f  speci f ied,  a pointwise inner i t e r a t i o n  f l u x  convergence 
c r i t e r i a  i s  used Instead o f  the i n t e g r a l  t es t .  

8. The i n t e g r a l  inner i t e r a t i o n  convergence c r i t e r i a  speci f ies 
t h a t  the average absolute pointwise f l u x  e r r o r  be less than 
epsi ion. 
Input data i s  processed by the FlDO rout ine- used i n  DTF-I I 
and ANISN. 

9. 

A t  present, DOT has received more e f f o r t  i n  development and i s  more widely 
used than any o t h e r  two-dimensional d i sc re te  ordinates program. Auxi l -  
l i a r y  programs such as UNCL and BASH have been developed t o  perform such 
specia l  funct ions as: ( 1 )  compute an a n a l y t i c a l  f i r s t  c o l l i s i o n  source 
and uncol l ided component t o  e l im ina te  the d i sc re te  ray ef fect  when sources 
are l o c a l i z e d  o r  (2) couple two DOT problems by a s i n g l e  s c a t t e r  Monte 
Car lo  technique t o  t r e a t  more complex geometries and e l im ina te  ray e f fec ts  
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NAME : DOT (con t 1 nued) 
__o_ 

i n  l o w  sca t te r i ng  regions. Also, several programs have been developed 
t o  perpare mult igroup cross sect ion sets and several o f  these sets are 
ava i lab le  f rom RSDC i n  a format acceptable t o  DOT. 

For the neutron t ranspor t  module, two dimensional d isc re te  ordinates o f f  
a very de ta i l ed  and accurate ca l cu la t i on  o f  the neutron t ranspor t  process 
pe rm i t t i ng  general an iso t rop ic  sca t te r i ng  for  h igh  energy t ranspor t  and 
geometry op t ion  ( r , Z )  which permits descr ip t ion  o f  f i n i t e  geometries. For 
the INAP system i t  w i l l  o f ten be the  case t h a t  the neutron a c t i v a t i o n  w i l l  
be important i n  ra ther  l o c a l  i t e d  regions (e.g., around a reac tor  core) 
which may be modeled q u i t e  s a t i s f a c t o r i l y  i n  the 2-dimensional geometry. 
The region dependent a c t i v a t i o n  react ion rates may then be computed very 
accurate ly  by d isc re te  ordinates and the subsequent gamma ray sh ie ld ing  
fo r  which a complex geometry model w i l l  usua l l y  be requi red may be c a r r i e d  
out by po in t  kernel i n t e g r a t i o n  which, though not  near ly  as accurate i n  
model i n g  the  p a r t i c l e  t ranspor t  process, i s  general l y  adequate fo r  photon 
t ranspor t .  Such a combination seems very a t t r a c t i v e  f o r  an engineer ing 
system since the s t rong po in ts  of each method are appl ied where they are 
required t o  best approximate the phys ica l  model. 

Disadvantages of two-dimensional d i sc re te  ordinates codes are: 

1)  Experience i s  required i n  se lec t i ng  quadrature sets, 
s p a t i a l  meshing, and energy group s t ruc tu re  to  
summarize the product o f  the computation t ime per  i t e r a t i o n  
and the number o f  i t e r a t i o n s  requi red for  convergence. 

2) Two-dimensional d i sc re te  ord inates ca lcu la t ions  are  more 
cos t l y  i n  computer storage and machine t ime than are m e -  
dimensional d isc re te  o r d i  nates, two-dimensional d i f fus i on 
theory o r  three-dimensional removal d i f f u s i o n  theory. 
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NAME 

F lRN (TDC) 
- 

PROGRAM LANGUAGE 

For t ran I I (FIRM) FLOC0 I I (TDC) 

APPLICABLE COMPUTER/SOFTWARE 

IBM 7090 

DESCRIPTION 

Problem Solved 

F l R N  solves the two-dimensional f i n i t e  c y l i n d r i c a l  geometry t ranspor t  
equation. 

METHOD OF SOLUTION 

FlRN uses the d i sc re te  ord inates method i n  c y l i n d r i c a l  ( r , Z )  geometry t o  
solve a homogeneous o r  non-homogenous problem. The source must be i s o t r o p i c  
and sca t te r i ng  must be i s o t r o p i c .  C r i t i c a l i t y  studies are possible.  

I NPUT/OUTPUT 

Input includes mesh spacing, cross sections, and source spec i f i ca t i on .  Out- 
put  cons is ts  o f  re la ted  rad ia t i on  f i e l d  quant i t ies .  

RESTRICTIONS OR LIMITATIONS 

Rest r i c ted  t o  maximum o f  6 angles and 6 groups. 

TYPICAL RUNNING T IME 

Depends on problem. 

0 R I G I NATO R 

Los Alamos 

AVAILABILITY 

ANL Code Center, Argonne Nat ional  Laborator ies,  Argonne, I 1  1 i n o i s  

REFERENCES 

References 37,  38, 39, 40, 41, and 42 

CRlTiCAL REVIEW 

FIRM code i s  rejected. It i s  one o f  the f i r s t  codes i n  i t s  f i e l d ,  hence, i t  
i s  as noted, q u i t e  r e s t r i c t e d  i n  geometry, technique, and size.  There are  
more complete, modern, and adaptable codes ava i lab le .  Add i t i ona l l y ,  p a r t  of 
the code i s  w r i t t e n  i n  machine-oriented language. 
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NAME 

2DF: 20F i s  a two-dimensional vers ion o f  the DTF program. 
- 
PROGRAM LANGUAGE 

For t ran 63 

APPLICABLE COMPUTER/SOFTWARE 

I BM-7094 

,DESCRIPTION 

P rob 1 em Sol ved 

2DF solves the time-independent neutron t ranspor t  equat ion i n  two-dlmen- 
.s ional  geometry, x-y, r -z ,  and r-8. 

METHOD OF SOLUTION 

Using a d i sc re te  ord inates (S,) method, 2DF solves by i t e r a t i o n  fbr the 
rea l  o r  a d j o i n t  s o l u t i o n  o f  the t ranspor t  equation. 
an iso t rop ic  sca t te r i ng  and var ious boundary c m d i t i o n s  are t rea ted  and 
a d i s t r i b u t e d  source can be speci f ied.  
t o  determine dimension and concentrat ions f o r  a predetermined eigenvalue. 

I s o t r o p i c  o r  l i n e a r  

A number crf search opt ions e x i s t  

RESTRICTIONS OR LIMITATIONS 

Storage r e s t r i c t i o n s  aPe spec i f i ed  by a complicated equat ion i nvo l v ing  
S(n) order, number of  mater ia ls ,  mesh in te rva l s ,  and energy groups, and 
spec i f i ed  boundary condi t ions.  

TYPICAL RUNNING TIME 

Not noted 

, .  . 

OR I G I NATOR 

Mar t in  Shapi r o  - Uni ted Nuclear C ~ r ~ o r a t ~ Q n ~  White 

AVA l  LAB I L ITY 

Argonne Nat ional  Laboratory - 9700 Cass Avenue., Argonne, I 1  1 i n o l s  6043 

REFERENCES 

References 41 and 42 

la1  ns New Vork 

?* G 

CRITICAL REVIEW 

The 2DF code i s  l i m i t e d  to  t r e a t i n g  l i n e a r  an iso t rop ic  sca t te r i ng  and SO 
r e s t r i c t i o n s  may e x i s t  as t o  the s i z e  of problem t h a t  can be handled. Documen- 
t a t i o n  i s  l i m i t e d  and the code i t s e l f  does not  appear t o  be widely  used. 
This  code should be re jec ted  I n  favor  o f  a more general,  w ide ly  used code. 
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NAME - 
NIOBE: Niobe Computer Program Descr ip t ion and Use 

PROGRAM LANGUAGE 

FAP 

APPLICABLE COMPUTER/SOFTWARE 

I 8M- 7090 

DESCRIPTION 

Problem Solved 

Niobe solves the steady-state mult i -energy neutron Boltzmann t ranspor t  
equat ion i n  a f i n i t e  m u l t i l a y e r  spher ica l  symmetric conf igurat ion.  

METHOD OF SOLUTION 

Discre te  o rd ina te  methods are used t o  ob ta in  an exact s o l u t i o n  t o  the 
energy dependent t ranspor t  equation. 
angular f luxes are determined by an I t e r a t i v e  process. Angular depend- 
ence i s  approximated by a f i n i t e  number of terms of a Legendre ser ies  
expansion of the  f l u x  and d i f f e r e n t i a l  cross sect ions.  Neutron e l a s t i c  
sca t te r i ng  and i n e l a s t i c  sca t te r i ng  are included. The i n e l a s t i c  sca t te r -  
ing of  neutrons i s  assumed to  be i s o t r o p i c  i n  the  laboratory  system w i t h  
a choice o f  several nuclear models i n  computing i t s  energy dependence. 
The neutron slowing down treatment takes the  energy-angle re la t i onsh ip  
i n t o  account. 
on the conf igura t ion  o r  i n t e r n a l l y  d i s t r i bu ted .  The code w i  1 1  ca l cu la te  
angular d i s t r i b u t i o n ,  f l u x  densi ty,  and cur ren t  f o r  neutrons as a func t ion  
o f  energy and pos i t i on .  Dose can a lso  be ca lcu la ted  using input  response 
funct ions.  

A t  each value o f  energy the 

The rad ia t i on  source may be spec i f i ed  e i t h e r  as inc ident  

RESTRICTIONS OR LIMITATIONS 

A t  each o f  a maximum o f  200 r a d i a l  po ints ,  the code ca lcu la tes  the angular 
neutron f l u x  densi ty  i n  a maximum o f  16 d i rec t i ons  a t  a maximum of  40 
energy values (spaced equal ly  i n  increments of le thargy) .  A maximum o f  
5 mater ia ls  i s  permi t ted i n  each region and up t o  50 regions may be 
hand 1 ed a 

TYPICAL RUNNING TIME 

Each i t e r a t i o n  f o r  a mesh having 100 r a d i a l  po in ts  and 16 angles takes 
approximately one minute. 
energy values, and 8 angular rays,required 2 1/2 hrs .  
t ime o f  sample problem: 

A problem having 85 r a d i a l  mesh-points, 81 
Estimated running 

20 minutes. 
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- NAME: N I O B E  (Continued) 

OR I G I NATOR 

Uni ted Nuclear Corporation, Development D iv is ion ,  NDA, 
White Pla ins,  New York. 

A V A l  LAB I L ITY 

Codes Coordinator - Radiat ion Shie ld ing Informat ion Center, 
Oak Ridge Nat ional  Laboratory, P, 0. Box X ,  Oak Ridge, Tenn. 37830 

(Send r e e l  - magnetic tape), Code Package CCC-40. 

REFERENCES 

References 43, 44, and 45 

CRITICAL REVIEW 

The N l 0 B E  code was re jec ted  on two condi t ions:  f i r s t ,  the code i s  
w r i t t e n  i n  the FAP language which can be used on ly  w i t h  the IBM 7090 
and 7094 computers. Th is  r e s t r i c t s  the code to one computer and does 
not  make a Universal Code t o  be used on o ther  computers a t  the present 
time and on new computers i n  the fu ture;  second, the  code can handle 
on ly  mu l t i l aye r  spheres w i t h  a maximum o f  5 elements.per region. 
type o f  geometry used i n  the N l 0 B E  code makes i t  impract icable t o  mock 
up nuclear space ships and f u e l  tanks by spher ica l  geometry. A more 
general ized type o f  geometry should be used. 

The 
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NAME - 
TAPAT: (The For t ran  I V  Program System, The Analysis Program and Transport) 
Synthesis o f  Ca lcu la t iona l  Methods f o r  tKe Dgsign and-Analysis of-Radiation 
Shields o f  Nuclear Rocket Systems. 

PROGRAM LANGUAGE 

For t ran I V  

APPL I CABLE COMPUTER/SOFTWARE 

I B M  7090 - 7094, I B S Y S  Version 13 Monitor System 

DESCR I PT I ON 

Problem Solved 

The TAPAT program system provides a complete neutron and photon, one-dimen- 
s iona i  r a d i a t i o n  analys is  o f  a reactor  system i n  a s ing le  computer run. 
The system consis ts  o f  f i v e  programs t h a t  so lve the one-dimensional BoOtzmann 
equation us ing Sn and/or d i f f u s i o n  theory, and perform data processing 
funct ions t o  prov ide a complete (neutron and photon rad ia t i on )  ana lys is  of 
a nuclear reactor  o r  o ther  r a d i a t i o n  source. 

METHOD OF SOLUTION 

Five subprograms are  used f o r  so l v ing  the one-dimensional d i f f u s i o n  equation, 
o r  the one-dimensional t ranspor t  equation numerically. An i t e r a t i v e  pro- 
cedure i s  used to  solve the f i n i t e  d i f f e rence  d i f f u s i o n  equation and the 
d i sc re te  ord inates Sn method i s  used t o  so lve the  t ranspor t  equation. The 
r e s u l t i n g  so lu t i ons  are than ed i ted  t o  g ive  the desired rad ia t i on  q u a n t i t i e s .  

1 NPUT/OUTPUT 

The POINT code prepares the bu lk  o f  the input  data i n  the form requi red f o r  
the one-dimensional TAPAT system. Output cons is ts  o f  the re la ted  r a d i a t i o n  
f i e l d  quanti t i es .  

RESTRICTIONS OR LIMITATIONS 

Up t o  f i r s t  order Legendre expansion o f  sca t te r i ng  func t i on  w i t h i n  a group, 
l i n e a r  an i so t rop i c  group-to-group s c a t t e r i n g  number o f  mesh po in ts  M: 
< 100, t o t a l  number of regions J: 
N: 
groups NPS 1 - < NPS < 5, number o f  cross sec t i on  sets-(elements, isotopes o r  
mater ia ls  MM: 0 < XMlX < 20, o rder  o f  Sn angular quadrature: 
order  of Gauss quadrature t n  0 (TOPIC): 

3 L M  
1 2 J f. 30, t o t a l  number o f  energy groups 

6, number o f  upscat ter  1 I N  5 20, number of down s c a t t e r  groups NDS 1 

2 o r  4, and 
M I K  - < 7. 

TYPICAL RUNNING TIME 

Estimated running t ime f o r  sample problem i n  minutes: POINT, 4; TAPAT, 21. 
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NAME : TAPAT (Continued) 

OR I G I N ATOR 

Contr ibutor :  
NASA George. C.  Marshall  Space F l i g h t  Center, Huntsv i l le ,  Alabama. 

L_ 

Westinghouse Astronuclear Laboratory, P i t tsburgh,  Pennsylvania 

AVAILABILITY 

Codes Coordinator - Radiat ion Shie ld ing Informat ion Center, Oak Ridge 
Nat ional  Laboratory, P.O. Box X, Oak Ridge,Tennessee, (Send ree l  o f  maghetic 
tape), Code Package CCC-55.  

REFERENCES 

Reference 46 

CRITICAL R E V I E W  

The TAPAT code i s  a code system which i s  q u i t e  s i m i l a r  t o  the A N l S N  code, 
although TAPAT i s  more r e s t r i c t e d  and less f l e x i b l e .  The order o f  the 
sca t te r i ng  i s  l i n e a r  and the quadrature s e t  i s  bound t o  an S4. 
TAPAT i s  so r e s t r i c t e d  and i s  a system which requires intermediate handl ing 
o f  data, i t  i s  re jected. 

Because 
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NAME 

ODD-K - Mul t igroup Two-Dimensional D iscre te  Ordinates Code 
- 

PROGRAM LANGUAGE 

A r e v i  sed FLOC0 (ODD-K) 

APPLICABLE COMPUTER/SOFTWARE 

I BM 7090 - 7094 

DESCRIPTION 

Problem Solved 

ODD-K solves the two-dimensional time-independent Boltzmann equation f o r  
( r ,z) ,  ( r * O ) ,  and (x,y) geometry. Neutron and photon s p a t i a l  and energy 
d i s t r i b u t i o n s  throughout the reactor  system and spa t ia l ,  energy and 
angular d i s t r i b u t i o n s  of  leakage f luxes a t  t he  surface can be calculated. 

METHOD OF SOLUTION 

ODD-K solves the t ranspor t  equation i t e r a t i v e l y  by the Sn d i sc re te  
ordinates method. I so t rop i c  or l i n e a r  an iso t rop ic  sca t te r i ng  i s  t reated. 
The code requi res two associated codes t o  ( 1 )  prepare input  cross sect ion 
and (2) do analysis.  

RESTRICTIONS O R  LIMITATIONS 

Scat te r ing  approximation - < PI, requires associated codes. 

TYPICAL RUNNING TIME 

Depends on problem. 

OR1 G I NATOR 

Westinghouse Astronuclear Laboratory - Pi t tsburgh,  Pennsylvania 
NASA George C. Marshall  Space F l i g h t  Center, Huntsv i l le ,  Alabama. 

ABAl LAB I L I TY 

Codes Coordinator, Radiat ion Shie ld ing Informat ion Center, Oak Ridge Nat ional  
Laboratory, Oak Ridge Tennessee. (Send a ree l  of magnetic tape.) Code Package # C C C - 9 7  

REFERENCES 

References 47 and 48 

CRIT ICAL  R E V I E W  

The ODD-K program i s  one code o f  several used i n  a ser ies which ca lcu lates the 
neutron and photon f luxes throughout a reactor  geometry. The sca t te r i ng  approx- 
imat ion i s  less than o r  equal t o  P-1 and the cross sect ions used i n  ODD-K 
requi re  a code cal1,ed POINT. 
code. 
machine o r ien ted  language, therefore t h i s  code i s  rejected. 

The output o f  ODD-K i s  a l so  processed by another 
Such a system i s  no t  desirable;  furthermore ODD-K i s  programmed i n  a 
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NAME 

TDSN: A For t ran 
_1_ 

P rog ram 

PROGRAM LANGUAGE 

1 V Two-Di mens i onal D i screte Angul a r  Segmen t a t  i on Transport 

For t ran I V  and MAP 

APPLICABLE COMPUTERjSOFTWARE 

I B M  7090 and 7094 

DESCRIPTION 

P rob 1 em So 1 ved 

TDSN solves the l i n e a r ,  t ime independent Boltzmann equation f o r  p a r t i c l e  
t ranspor t  f o r  the energy, space and angular dependence o f  the neutron d i s t r i -  
bu t ion  i n  mul t igroup two-dimensional complex geometric conf igurat ions.  The 
codes w i l l  so lve e i t h e r  one-dimensional (SLAB, cy l i nde r  or sphere) o r  two- 
dimensional ( X , Y )  o r  (r,Z) problems w i t h  e i t h e r  zero-return- current  or 
r e f l e c t i v e  boundary condi t ions.  The r e f l e c t i v e  cond i t ion  f o r  curved boundaries 
can be e i t h e r  m i r r o r  r e f l e c t i o n  from a plane surface or i s o t r o p i c  re f l ec t i on .  

METHOD OF SOLUTION 

The t ranspor t  equat ion i s  solved by the  d i sc re te  angular segmentation (Carlson 
S method, a numerical, i t e r a t i v e  d i f ference method i n  which the continuous 

angular d i s t r i b u t i o n  o f  neutron v e l o c i t i e s  i s  represented by consider ing 
d i sc re te  angular d i rec t ions .  Scal ing and over- re laxat ion methods are used t o  
accelerate the convergence o f  the neutron f luxes, Geometric symmetries are 
used t o  reduce the number of  mesh in te rva ls .  The cross sectioris can be e i t h e r  
P o r  t ranspor t  corrected P w i t h  f u l l - u p  and down-scattering matrices. Pro- 

v is ions  are made t o  stop and r e s t a r t  a problem a f t e r  a spec i f i ed  running t ime 
o r  inner i t e r a t i o n  count. On r e s t a r t  the accelerat ion parameters, convergence 
c r i t e r i a ,  and output  opt ions can be changed. Output opt ions inc lude a c t i v i t y  
tables,  f lux-weighted cross sect ion averaging, col lapsed group cross sect ions,  
disadvantage fac to rs ,  and e d i t s  over spec i f i ed  groups and mesh in te rva l s .  

N 

1 0 

RESTRICTIONS OR LIMITATIONS 

The array dimensions are f l e x i b l e .  
fo r  the unsubscripted var iab les and the program, leav ing 17,500 storages 
ava i lab le  f o r  subscr ipted var iab les on a 32K computer. 

Approximately 15,000 storages are requi t'ed 

TYPICAL RUNNING T I M E  

Variable. Estimated running t ime for  two sample problems: 0.09 hours 

ORIGINATOR _ _  

NASA Lewis Research Center, Cleveland Ohio 
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NAME: TDSN (Continued) 

AWAl LABi L ITY  

Codes Coordinator - Radiat ion Shie ld ing Informat ion Center, Oak Ridge 
Nat ional  Laboratory, P.O. Box X ,  Oak Ridge, Tennessee 37830. Send 
ree l  magnetic tape, Code Package cCC-65. 

- 

REFERENCES 

Reference 49 

CR IT I CAL REV I EW 

The TDSN i s  q u i t e  s i m i l a r  t o  the DOT code but  does not  have the c a p a b i l i t y  
o f  DOT. TDSM i s  a LINEAR ANlSOTROPlC code w h i l e  DOT i s  a general ANISO-  
TROPIC code. Other l i m i t a t i o n s  are TDSN cannot run an external  source o r  
a d i s t r i b u t e d  i n t e r v a l  source and can solve on ly  (X,Y) and (r,Z) geometry; 
wh i l e  DOT, i n  add i t i on  t o  ( X , Y )  and ( r ,Z )  geometry, can a lso  solve (r,e) 
geometry. TDSN is p a r t i a l l y  programmed i n  machine language which makes i t  
d i f f i c u l t  t o  convert t o  o ther  machines. Therefore, the TDSN code has been 
r e  j ec t e d  . 
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NAME 

TWOTRAN 
- 

PROGRAM LANGUAGE 

For t ran I V  

PLICABLE COMPUIER/SOFTWARE 

CDC 6600 

DESCR I PT I ON 
Problem Solved 

The general geometry TWOTRAN program i s  designed t o  solve the twa- 
dimensional t ime independent t ranspor t  equation. 

METHOD OF SOLUTION 

TWOTRAN uses the mult igroup d i sc re te  ord inates approximation i n  ( x , Y ) ,  
(r,Z), and (r,Z) geometries. I t  considers i s o t r o p i c  and an iso t rop ic  
sca t te r i ng  and al lows for albedo boundary condi t ions.  

INPUT/OUTPUT 

Input required i s  normal mesh spacing, mater ia l  composition, cross sect ions,  
source conf igurat ion and problem parameters. Output cons is ts  of the  re la ted  
rad ia t i on  f i e l d  parameters i n  graphic and data form. 

RESTRICTIONS OR LIMITATIONS 

Problem s i z e  i s  l i m i t e d  by machine size. 

TYPICAL RUNNING TIME 

Problem dependent 

OR 16 1 NATOR 

Los Alamos S c i e n t i f i c  Laboratory 

AVA I LAB I L I TY 

Code Package CCC-129 

REFERENCES 

References 50 and 5 1  
CRIT ICAL  R E V I E W  __. 

TWOTRAMS i s  an except ional  code and could be used i n  a r e s t r i c t e d  INAP 
code system, 
version o f  TWOTRAN t h a t  i s  wide ly  ava i l ab le  i s  r e s t r i c t e d  to (x,Y) 
geometry and the one reviwed above i s  w r i t t e n  making extensive use o f  
the CDC 6600 extended core capab i l i t y .  
t h a t  a f a i r  amount o f  reprogramming would be necessary. 
which i s  very widely used, already e x i s t s  i n  an adaptable form. 

However, there are a couple o f  ser ious drawbacks, The 

This use o f  extended care means 
Also, DOT, 
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~ E ~ O V A ~  DIFFUSION 

NAME 

MAC 
- 
PROGRAM LANGUAGE 

For t ran  I I 

APPL I CABLE COMPUTER/SOFTWARE 

I B M  7090 

QESCRIPTlON 

Problem Solved 

Calculates the  neutron energy spectrum and dose r a t e  and gamma-ray dose r a t e  
as a; funct ion o f  d istance through reactor  sh ie lds,  (s lab geometry) o f  concrete 
or hydrogenous mater ia l .  The fo l low ing  in format ion is given as ca lcu la ted  
r e s u l t s  (a) mul t igroup neutron f luxes f o r  as many as 34 energy groups (b) 
neutron dose rates (c) approximate neutron spectrum (d) t o t a l  gamma-ray dose 
rate,  w i t h  a breakdown o f  the con t r i bu t i on  from each region i n  the s h i e l d  t o  
the t o t a l  dose r a t e  (e) approximate ga a-ray spectrum. 

METHOD OF SOLUTION 

The Spinney method o f  using a high-energy kernel  as the Source o f  neutrons i n  
a mul t igroup d i f f u s i o n  procedure i s  u t i l i z e d .  This kernel i s  p ropor t iona l  t o  
the energy dependent "removal" f l u x  which i s  s i m l  l a r  t o  the unco l l  ided f l u x  
except for the  use o f  a removal cross sect ion equal i n  magnitude t o  the usual 
t ranspor t  cross sect ion.  

The d i f f u s i o n  equat ion i s  reduced t o  a system of  three f i r s t - o r d e r  d i f f e r e n t i a l  
equations which are numer ica l ly  integrated. Boundary condi t ions are: assigned 
f l u x  a t  the core-sh ie ld  in ter face,  and zero incoming f l u x  a t  the outside. 

MAC-RAD adds removal f l u x  a t  core i n te r face  t o  input  boundary values t o  get  
t o t a l .  I n  the f i r s t  group, the e n t i r e  f l u x  i s  removal. 

I NPUT/OUTPUT 

Output i s  very f l e x i b l e  i n  t h a t  several inpu t  opt ions are ava i l ab le  t o  produce 
o r  suppress output inc lud ing  debugging in format ion dur ing the ca l cu la t i on .  

RESTRICTIONS OR LIMITATIONS 

The fo l l ow ing  l i m i t a t i o n s  must be noted: 

a. s lab  geometry, 
b. s h i e l d  mater ia l  f o r  which the Spinney model d i f f u s i o n  theory and bu i ldup 

c. the assembly may conta in  up to  20 homogeneous regions, 21 d i f f e r e n t  
fac to rs  w i  11 apply, 

elements o r  isotopes, 2020 mesh po in ts  f o r  neutron f l u x  and 900 f o r  gamma- 
ray f l u x  ca lcu la t ions .  
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HAHE : MAC (Continued) - 
TYPICAL RUNNING TIHE 

A t y p i c a l  problem w i t h  1150 mesh po in ts  and gamma-ray f luxes computed i n  30 
po in ts  runs i n  about 12 miuntes. 

OR I G I MATOR 

Contr ibutors  = CCC-22A/MAC-Handford Atomic Products Operation, General 
E l e c t r i c  Company, Richland, Washington. Responsibi 1 i t y  f o r  the code i s  now 
vested i n  P a c i f i c  Northwest Laboratory-Bat te l le  Northwest, Richland, Wash- 
f ng ton * 
CCC-22B/MAC- RAD-AI 1 gemei ne E 1 e k t  r i o 
(AEG-KEA) F rank fur t  (Main) Germany 

tats-Gesel lschaft ,  Kernenergiean agen 

AVAILABILITY 

Code Package #CCC22A o r  B = Codes Coordinator - Radiat ion Shie ld ing In for -  
mation Center, Oak Ridge Nat ional  Laboratory, Oak Ridge, Tennessee 
Code Package CCC-22. 

REFERENCES 

References 52, 53, and 54 

CRITICAL R E V I E W  

MAC-RAD represents 
perform a removal d i f f u s i o n  ca l cu la t i on  o f  the neutron f l u x  i n  a s lab 
reactor  and sh ie ld ing.  
neutron capture gamma i n t e n s i t y  i s  computed t o  determine dose rates and 
energy deposi t ion i n  the s h i e l d  from a l l  sources. However, the program i s  
l i m i t e d  t o  s lab  geometry and i s ,  therefore,  not  considered s u f f i c i e n t l y  
general i n  the geometry model f o r  use i n  the a c t i v a t i o n  code system. 

extension o f  the mu1 t i g roup  a t tenuat ion  code, MAC, t o  

I n  add i t ion ,  the  f i s s i o n  gamma sources and the 



Page A-53 

NAME 

MRN: Mult igroup Removal-Diffusion Code System f o r  Planes, Cy1 inders and 
_I_ 

Spheres 

PROGRAM LANGUAGE 

For t ran  I V  and MAP 

APPLICABLE COMPUTER/SOFTWARE 

1814 7090 and 7044 

DESCRIPTION 

Problem Solved 

Given a d i s t r i b u t i o n  o f  f i s s i o n s  (e.g. power d i s t r i b u t i o n )  i n  c e r t a i n  
allowed geometric regions, t h e  program solves f o r  neutron f l u x  dens i t ies ,  
neutron absorption r a t e  (from whish secondary gamma-ray source rates may 
be determined), var ious dose rates,  energy deposi t ion on r a t e  (by energy 
groups) i n  primary knock on atoms, 

METHOD OF SOLUTlON 

Removal theory i s  used t o  compute the t ranspor t  o f  h igh energy neutrons 
w i t h  the f l u x  broken i n t o  several energy groups. The Spinney Method i s  
used t o  determine the d i f f u s i o n  source from the removal ca l cu la t i on .  An 
in teg ra t i on  i s  performed o f  the  source volume t o  determine the  removal 
f l u x  and d i f f u s i o n  sources a t  each mesh in te rva l .  The d i f f u s i o n  c a l c u l a t i o n  
i s  c a r r i e d  ou t  assuming an i n f i n i t e  slab, i n f i n i t e  cy l i nde r  o r  a sphere t o  
describe the var ious f i n i t e  sh ie ld  conf igurat ions,  The d i f f u s i o n  calcu- 
l a t i o n  provides f o r  tranverse buckl ings i n  the  slab and c y l i n d r i c a l  cases i n  
order t o  estimate the e f f e c t  o f  t runcat ing  the i n f i n i t e  systems. Boundary 
condi t ions f o r  the d i f f u s i o n  c a l c u l a t i o n  must be spec i f i ed  on input.  There- 
fore, i f  the cur ren t  a t  a boundary between the  source and s h i e l d  regions 
has a s i g n i f i c a n t  d i f f u s i o n  component, the boundary cond i t ion  a t  t h a t  surface 
w i l l  be important and must be guessed w i t h  prec is ion.  This could r e s u l t  i n  
l a rge  e r r o r s  unless the c a l c u l a t i o n  i s  repeated several times t o  improve t h i s  
guess. 

INPUT/OUTPUT 

Geometrical desc r ip t i on  o f  the source and s h i e l d  regions and microscopic 
cross sec t ion  data. Also, boundary cond i t ion  spec i f i ca t i ons  for  d i f f us ion  
regions must be input.  

TYPICAL RUNNING TIME 

Estimated running t ime o f  the sample problem i s  .58 hours. 

ORIGINAT4)R 

Cont r ibu tor  .. Akt iebolaget  (AB) Atomenerg:, Stockholm, Sweden 
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AVAILABILITY 

Codes Coordinator, Radiat ion Sh ie ld ing  In format ion Center, Oak Ridge Nat ional  
Laboratory, P.O.  X, Oak Ridge, Tennessee 37830. Code Package f C C C - 5 4 .  

REFERENCES 

References 55, 56, 57, 58, 59, an$ 60 

CRITICAL R E V I E W  

The c h i e f  advantage o f  the NRN code i s  t h a t  the d i f f u s i o n  c a l c u l a t i o n  does 
not  l i m i t  the source and s h i e l d  geometries t o  regular, i n f i n i t e  cpnfig.urations. 
This i s  accomplished by performing the  removal c a l c u l a t i o n  i n  the f i n i t e  
geometry then performing the d i f f u s i o n  c a l c u l a t i o n  assuming t h a t  an i n f i n i t e  
s lab,  i n f i n i t e  cy l i nde r  o r  a sphere approximates the  f i n i t e  para l le lop iped,  
f i n i t e  cy l i nde r  o r  sphere. Therefore, the removal ca l cu la t i ons  and the d i f -  
fus ion ca lcu la t ions  f o r  the same regions are, except i n  the  case o f  spheres, 
performed f o r  d i f f e r e n t  geometry models. I n  add i t ion ,  f o r  t h i s  s i t u a t i o n  It 
i s n ' t  always apparent what boundary cond i t ions  should be imposed on the 
d i f f u s i o n  ca lcu la t ions .  Therefore, the NRN code should be used w i t h  caution, 
v e r i f y i n g  the resu l t s  by some other  means e i t h e r  by experiment o r  more 
accurate t ranspor t  ca lcu la t ion .  For t h i s  reason the NRN code i s  not  donsid- 
ered acceptable f o r  use i n  the INAP system. 
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NAME 

2DB: Mult igroup Two-Dimensional Burn-Up Code 
2DBS: Mult igroup Two-Dlmensional Shie ld ing Code 
DOT 2DB: Mult igroup Two-Dimensiottal Discrete Ordinates/Di f fusion Code w i t h  

- 

Anisot rop i  c Sca t te r i  ng 

PROGRAM LANGUAGE 

For t ran I V  

APPLlCABLE COMPUTER/SOFTWARE 

65U memory and three per ipheral  storage devices 
UNIVAC 1108 

DESCRIPTION 

Prob 1 em Solved 

2DB i s  a f l e x i b l e  two-dimensional (X-Y,  R-Z, R-THETA, Hex Geometry) d i f f u s i o n  
code for  use i n  fas t  reactor analyses. 
fuel  burnup using f l e x i b l e  rnaterlal s h u f f l i n g  scheme, (2) perform c r i t i c a l i t y  
searches on time absorption (ALPHA), mater ia l  concentrat ions and region 
dimensions using a regular o r  a d j o i n t  model. C r i t i c a l i t y  searches can be 
performed dur ing burnout t o  compensate f o r  f u e l  deplet ion,  (3) compute f l u x  
d i s t r i b u t i o n s  fo r  an a r b i t r a r y  extraneous source. 

The code can be used t o  ( 1 )  compute 

METHOD OF SOLUTION 

Standard sou rce - i t e ra t i on  techniques are used. Group rebalancing and 
successive overre laxat ion w i t h  l i n e  invers ion are used t o  accelerate con- 
vergence. Mater ia l  burnup i s  by reactor zone. The burnup r a t e  i s  determined 
by the zone and energy (group) averaged cross sections which are recomputed 
a f t e r  each t ime step. The i s o t o p i c  chains, which can contain any number of 
isotopesrare formed by the user. The code does not conta in  b u i l t - i n  o r  i n -  
t e r n a l  chains. 

I NPUT/OUTPUT 

Input i s  s i m i l a r  t o  t ranspor t  codes 2DF and DTFIV 

RESTRICTIONS OR LIMITATIONS 

Since va r iab le  dimensioning i s  employed, no simple bounds can be stated. The 
current  1108 version, however, i s  nominal ly r e s t r i c t e d  t o  50 energy groups i n  
a 65U memory. I n  the 6600 version, the power f r a c t i o n ,  averaged burnup r a t e  
and breeding r a t i o  ca lcu lat ions are l i m i t e d  t o  reactors w i t h  a maximum of 50 
zones 

TYPICAL RUNNING T IME 

For Keff ca l cu la t i ons  w i t h  26 energy groups and 957 s p a t i a l  mesh requires 7.5 
minutes on a UNIVAC 1108. 
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- NAME: 2DB: 2DBS: DOT 2DB: (Cont i nued) 

OR I G I NATOR 

1108 - B a t t e l l e  - Northwest Lab - P.O. Box 999 .. Richland, Washington 99352 
6600 - Univ: of C a l i f o r n i a  - Los Alamos S c i e n t i f i c  Lab - P.O. Box 1603 - 

Los Alamos, Mew Mexico 

AVAILABILITY 

B a t t e l l e  - Northwest Laboratory o r  sh ie ld ing  version from Codes Coordinator, 
Radiat ion Shie ld ing Informat ion Center as Code Package # C C C l 3 4  

REFERENCES 

References 58, 59, 60, 61, and 64 

CRITICAL REVIEW 

The bas ic  code 2DB determines mult igroup neutron f luxes i n  regular,  two- 
dimensional R-Z, R-0, X-Y and t r i angu la r  geometries by an i t e r a t i v e  numerical 
so lu t i on  o f  the two-dimensional d i f f u s i o n  equations. The t ranspor t  o f  h igh 
energy neutrons i s  a lso  t rea ted  i n  the d i f f u s i o n  approximation as are mater ia l  
in ter faces where the f l u x  may be h igh l y  an isot rop ic .  
adequate t o  determine the s e l f  absorpt ion o f  narrow, h i g h l y  abosrbing a c t i -  
va t i on  regions. Since such regions may represent a s i g n i f i c a n t  con t r i bu t i on  
t o  the a c t i v a t i o n  gamma source 208 i s  not  considered s u f f i c i e n t l y  accurate 
fo r  use i n  the INAP code system. Hwever, the two-dimensional d isc re te  
ordinates t ranspor t  code DOT has been coupled w i t h  2DB f o r  sh ie ld ing  calcu- 
l a t i o n s .  With DOT t r e a t i n g  the a inso t rop ic  sca t te r i ng  of  h igh  energy neutronti 
and computing a slowing down source f o r  the  d i f f u s i o n  ca l cu la t i on  o f  208 the 
combined code DOT2DB should produce accurate r e s u l t s  i n  a very e f f i c i e n t  
ca lcu la t ion .  However, a t  present DOT2DB has not been released t o  a code 
center and i s  not  ava i l ab le  f o r  use i n  the code system, 

. . .I 

D i f f u s i o n  theory i s  no t  
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NAME 

NEFIRS:  M u l t i  roup Spinney Method Remova 
_II 

PROGRAM LANGUAGE 

For t ran 1V & MAP 

APPLICABLE COMPUTER/SOFTWARE 

I B M  360/75 

DESCRlPTlOM 

P rob 1 em So 1 ved 

- D i  f f us on Code for  Neutrons 

Mult igroup neutron f luxes and reac t ion  rates are ca lcu lated f o r  a s p e c i f i c  
sh ie ld  system s t a r t i n g  from f l u x  leve ls  t o  be sDeci f ied f o r  i t s  inner i n t e r -  
face. Problems are solved fo r  one-dimensional, e i t h e r  plane, c y l i n d e r i c a l $  
o r  spher ica l  geometry. 

METHOD OF SOLUTION 

The neutron f l u x  d i s t r i b u t i o n  i s  ca lcu lated using a mult igroup age-d i f fus ion  
technique. A modi f ied uncol l ided (removal) f l u x  and a re la ted  removal 
c o l l i s i o n  densi ty  o f  f i s s i o n  neutrons having energies greater  than one MeV 
are computed t o  serve as a s p a t i a l l y  vary ing source term f o r  the f i r s t  
d i f f u s i o n  group (Spinney Method), The a t tenuat ion  o f  these f a s t  neutrons i s  
computed a n a l y t i c a l l y .  The removal cross sect ions are ca lcu lated from the  
t o t a l  cross sect ions a t  the energies i n  quest ion but w i t h  a co r rec t i on  t h a t  
,takes approximate accou3t o f  the anisotropy o f  e l a s t i c  sca t te r i ng  a t  h igh  
energies according t o  the p resc r ip t i on  o f  Spinney. Down sca t te r i ng  i s  
t rea ted  by age-theory methods and the d i f f u s i o n  equation i s  approximated by 
a se t  o f  simultaneous f i n i t e  d i f fe rence equations. 

INPUT/OUTPUT 

Neutronic constants f o r  the d i f f u s i o n  c a l c u l a t i o n  may be input  o r  i n t e r n a l l y  
generated. Output cons is ts  o f  mult igroup f luxes  and reac t ion  rates a t  
spec i f i ed  s p a t i a l  mesh locat ions.  

RESTRICTIONS OR LIMlTAT.IONS 

The . l i b r a r y  i s  r e s t r i c t e d  t o  the data o f  twenty d i f f e r e n t  mater ia ls .  The 
number o f  meshpoints throughout the e n t i r e  sh ie ld  system must not  exceed 
1000. No more than e igh t  d i f f u s i o n  groups can be handled. 

TYPICAL RUNNING TIME 

With 260 meshpoints executed from tape on a UNIVAC 1108 requi red 15 seconds 
f o r  computing and p r i n t i n g .  
was one minute, 18 seconds. 

Running t ime f o r  the packaged sample problem 
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- NAME: NEFIRS: (Continued) 
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OR I G I NATOR 

Gulf  General Atomic, San Diego, C a l i f o r n i a  

AVAl  LAB1 L ITY 

Code Package # C C C - 9 1 ’ -  Codes Coordinator, Radiat ion Shielding Inform 
Center, Oak Ridge Nat ional  Laboratory, P.O. Box X ,  Oak Ridge, Tennessee 
37830, Code Package CCC-91.  

REFERENCES 

Reference 62 

CR I T  I CAL REV I EW 

NEFIRS i s  a removal d i f f u s i o n  code which i s  l i m i t e d  t o  one-dimensional 
geometries. I n  addi t ion,  the d i f f u s i o n  c a l c u l a t i o n  i s  l i m i t e d  to e i g h t  
energy groups, equal ly spaced i f  the codes i n t e r n a l  data i s  used, wh i l e  the 
at tenuat ion of f as t  neutrons i s  computed a n a l y t i c a l l y  f o r  17 equa l l y  spaced 
energy groups. 
f l u x  a t  the inner boundary so t h a t  a volume d i s t r i b u t e d  source cannot be 
treated. The s i n g l e  advantage t h a t  NEFIRS would o f f e r  t o  the code system 
would be extremely shor t  program execution times, and r e l a t i v e l y  small 
storage requirements, However, the several disadvantages which e l im ina te  
NEFlRS from considerat ion are: 

The only  source op t i on  consists o f  spec i f y ing  a mult igroup 

(1) Volume d i s t r i b u t e d  source cannot be treated. 
(2) One-dimensional geometry 1 i m i t s  the accuracy w i t h  which 

the problem geometry may be modeled, wh i l e  the removal 
d i f f u s i o n  theory l i m i t s  the accuracy w i t h  which the neutron 
t ranspor t  process may be modeled. 

(3) The program i s  p a r t i a l l y  w r i t t e n  i n  the MAP language. 
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NAME 

KDL I BE 
- 
PROGRAM LANGUAGE 

Fiortran IW 

APPL I CABLE CQMPUTER/SOFTWARE 

GE-635 

Problem Solved 

KOLBBE determines Fast neutron spectra a t  spec i f i ed  mesh i n  general three- 
dimensional geometry from volume d i s t r i b u t e d  neutron sources. This Is i n  
t u rn  used w i t h  the P t ransfer  s c a t t e r i n g  cross sections f o r  the mater ia ls  
i n  the system t o  compute a slowing down source f o r  a mult igroup neutron 
d i f f u s i o n  c a l c u l a t i o n  i n  one-dimnsional  geometry w i t h  transverse buckl ing.  
The secondary gamma source from neutron i n te rac t i ons  i s  computed and the 
gama dose and energy deposi t ion Is determined. Reaction rates are com- 
puted when appropr iate multlglroup react ion cross sections are input.  

0 

METHOD OF SOLUTION 

calcu lated a t  spec i f ied receiver po in ts  i n  a complex 3-dimensional geometry 
from d i s t r i b u t e d  neutron sources. 
zeroth moment s c a t t e r  t rans fe r  cross sect ions f o r  the mater ia l  i n  t h a t  
region i s  pos tmu l t i p l i ed  by the mult igroup removal f l u x  vector t o  ob ta in  
the mu1 t i g roup  downscatter source f o r  t h a t  region, The three-dimensional 
region i s  approximated by a one-dimensional region f o r  which a mult igroup 
d i f f u s i o n  theory c a l c u l a t i o n  i s  performed w i t h  albedo boundary condi t ions 
speci f ied a t  the edges o f  the one-dimensional region. The f luxes ca lcu lated 
by the d i f f u s i o n  c a l c u l a t i o n  are then combined w i t h  the high energy removal 
f luxes t o  determine the t o t a l  neutron f l u x  i n  the three-dimensional region. 
Secondary gamma product ion cross sections are used t o  compute the vo lumetr ic  
gamma source i n  each region and p o i n t  kernel  i n t e g r a t i o n  i s  used t o  com- 
pute the gamma dose ra te  and energy deposi t ion rates a t  spec i f ied detector  
locatfons. 

up unco l l l ded  o r  v i r t u a l l y  uncol l ided (removal) neutron f luxes are 

A t  each receiver  po in t  the m a t r i x  of 

IMPUT/OUTPUT 

Separate input  w i t h  con t ro l  cards i s  required fo r  each program i n  the 
system t h a t  w i l l  be used i n  the ca l cu la t i on .  Input consists o f  NAMELIST 
and formatted. I f  several programs are used the amount o f  input  could be 
q u i t e  large. Programs i n  the system a l so  punch cards o r  w r i t e  magnetic tape 
f o r  i npu t  i n t o  the fo l l ow ing  program i n  sequence. 
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NAHE : KDL I BE (Continued) 

RE ST R It CT I OH S 0 R b I M 0 TAT I 0 NS 

Neutron removal groups < 30; neutron d i f f u s i o n  groups < 20; number of 
mater ia ls  sca t te r i ng  cross sect ions for d i f f u s i o n  source < 25; number o f  
gamma product ion cross sec t ion  sets < 26; neutron responsg func t ion  
source coordinate pos i t i ons  - 200 nuzber of re ions - < 200; number of  
receiver  po in ts  2 150. 

- 

20; 

0 R I G I NATOR 

General E l e c t r i c ,  M i s s i l e  and Space D iv is ion ,  Ohio 

AVA I LAB I L I TY 

Codes Coordinator, Radiat ion Sh ie ld ing  In format ion Center, Oak Ridge 
Nat ional  Laboratory, Oak Ridge, Tennessee. Code Package #CCC-124. 

REFERENCES 

Reference 63 

CRITICAL REVIEW 

KDLIBE i s  a Kernel -d i f fus ion code system c o n s i s t i n g ~  o f  QADRU (removal 
d i f f us ion  ca lcu la t ion) ;  RAMP (mult igroup neutron d i f f u s i o n  source calcu- 
l a t i o n ) ;  GEORGE (mu1 t ig roup neutron d i f f u s i o n  ca l cu la t i on ) ,  GAMlX (Macro- 
scopic gamma product ion cross sect ions),  REORG (processor) and QADRR 
(po in t  kernel  gamma sh ie ld ing  ca lcu la t ion) .  I t  i s  a b e t t e r  organized 
system than NRN which performs the same ca lcu la t i on  based upon very much 
the same assumptions and approximations. KDLlBE has a more f l e x i b l e  
boundary cond i t ion  for the d i f f u s i o n  ca l cu la t i on  i n  t h a t  albedos may be 
spec i f i ed  a t  the d i f f u s i o n  boundaries. However, j u s t  as f o r  NRN s i g n i -  
f i c a n t  inaccuracies w i l l  a r i s e  when lw  energy d i f f u s i o n  neutrons make up 
a s i g n i f i c a n t  f r a c t i o n  o f  the neutrons t ranspor t ing  from one reg ion t o  
another. I n  add i t ion ,  i f  the p r i n c i p a l  d i r e c t i o n  o f  neutron t ranspor t  
does not a l i g n  w i t h  a p r i n c i p a l  d i r e c t i o n  o f  the geometrical shape of the 
region the assignment o f  a buck l ing volume t o  account f o r  transverse 
leakage i s  very uncertain.  As a r e s u l t  Qf these uncer ta in t ies  and l i m i -  
t a t i ons  o f  t h r  e-dimensional removal and kernel  ca lcu la t ions  coupled w i t h  
one-dimensional d i f f u s i o n  theory ca l cu la t i on ,  KDL~BE i s  not f u r the r  con- 
s idered for use i n  the ?NAP system. 
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NAME 

14-X  - A ser ies  o f  Kernel i n teg ra t i on  Codes 
- 
PROGRAM LANGUAGE 

A l l  versions are i n  FAP 

APPL I CABLE CDHPUTER/SOFTWARE 

9BM 704 and 7090 

DESCRl  PT ION 

Problem Solved 

The sh ie ld ing  computer programs 1 4 - X  evaluate po in t - to -po in t  kernels and 
in teg ra te  over source regions to  perform reactor-sh ie ld  penetrat ion calcu- 
l a t i o n s  fo r  neutrons and gamma rays. Neutron and gamma-ray f luxes, spectra, 
and the dose and energy absorpt lon rates can be computed f o r  pos i t ions  i n  

any o f  these q u a n t i t i e s  i n  a s ing le  problem i s  opt ional .  

METHOD OF SOLUTION 

A modi f i ca t ion  o f  the Albert-Welton theory o f  neutron at tenuat ion i s  used 
fo r  fast-neutron f l u x  o r  dose-rate ca lcu la t ions  i n  hydrogenous mater ia ls .  
Moments method d i f f e r e n t i a l  number spectra and d i f f e r e n t i a l  scat tered gamma 
ray energy spectra are used i n  the computation o f  d i f f e r e n t i a l  neutron 
spectra and gamma ray energy spectra. 
expressions are used i n  conjunct ion w i th  exponential a t tenuat ion t o  com- 
pu ter  gamma ray f luxes and dose and energy absorption rates.  

I n teg ra t i on  over source regions i s  performed according t o  the t rapezoidal  
ru le .  The in teg ra t i on  procedure i s  automat ica l ly  adjusted t o  c o r r e c t l y  i n -  
tegra te  over volume, surface, o r  l i n e  sources. No in teg ra t i on  i s  performed 
f o r  p o i n t  sources. Contr ibut ions from m u l t i p l e  source regions are summed 
t o  ob ta in  t o t a l  ca lcu la ted  detector  responses. 

14-3 performs an extensive check o f  input  data t o  14-0, 14-1 o r  14-3 f o r  
range o f  values, s ign,  sequencing, and completeness. 

RESTRICTIONS O R  LIMITATIONS 

Buildup fac to rs  computed by empir ica l  

The Physical  E Source-descript ion capabi l i t y  o f  the code enables nuclear 
analys is  of the referenced reactor-sh ie ld  assemblies w i th  1 i t t l e  uncer ta in ty  
except f o r  t h a t  associated w i t h  the po in t - to -po in t  Kernels as appl ied t o  
s p e c i f i c  geometries. Inhomogeneities genera l ly  increase the e r r o r  since 
i t  i s  necessary t o  use a r b i t r a r y  p rescr ip t ions  f o r  combining homogenous 
media data. 



. Page A-62 

-p__ NAME: 1 4 - X  (Continued) 

TYP i CAL RUI\BN I H G  T I PIE 

The computation time var les  from shor t  t o  long depending on the  number, 
s i z e  and complexley of the regions used t o  describe the reactor-sh ie ld  
assembly; the  number o f  compositions, mater ia ls,  source-region nodal 
po ints ;  and gamma ray energy groups; and the output requested. 

Estimated running t i m e  o f  sample problem: 14-0, 3 minutes; 14-3, 1 minute 

OW S G 1 NATOR 

Muc’Bear Mater ia ls  6 Propuls ion Operation, General E l e c t r i c  Company, 
Cinc innat i ,  Ohio. 

p_ 

AWABLABlLlTV 
Codes Coordinator - Radiat ion Shie ld ing Informat ion Center, Oak Ridge, 
Nat ional  Laboratory - Oak Ridge, Tennessee, P. 0, Box X .  

RE FEREHCES 

Reference 94, 95, 96, 97, 101 and 103 

CRITICAL R E V I E W  

Reactor and sh ie ld  geometries are described by combinations o f  regions formed 
by r o t a t i o n  o f  rectangles and trapezoids about the reactor-sh ie ld  ax is  o r  
p a r a l l e l  axes o r  by t r a n s l a t i o n  o f  convex quadr i l a te ra l s  p a r a l l e l  t o  any a x i s  
of the rectangular coordinate system. Compositions are expressed as volume 
f rac t ions  f o r  each mater ia l  i n  the reactor-sh ie ld  assembly and are associ- 
ated w i t h  the appropr iate geometrical regions by code humbers. 

Source-region i n teg ra t i on  l i m i t s  are spec i f ied  f o r  each o f  as many as s i x  
source types, and loca t i on  dimensions are spec i f ied  for  the ax i s  of each of 
each o f  a poss ib le  200 source regions. Source-region nodal po in ts  a re  
located by i n te rsec t i on  of  a x i a l  l i n e s  i n  she l l s  Concentr ic about the source 
region axes and planes normal t o  the axes, The prov is ions f o r  spacing these 
l ines ,  s h e l l s ,  and planes permi t  descr ip t ion  o f  c y l i n d r i c a l  volume, c y l i n -  
d r i c a l  or plane surface, a x i a l  or r a d i a l  l i n e ,  o r  po in t  sources. 
source-poi n t  spaci ng i s permi t t e d  f o r  each source type. 

I n  14-0 and 24-1 source-density d i s t r i b u t i o n s  are assumed t o  be independent 
of angular position. For 14-1 t h e  source densi ty  must be spec i f ied  as input  
for  each r i n g  of source po in ts  i n  each d i f f e r e n t  source type. 

I n  14-2 source densi ty  d i s t r i b u t i o n s ,  which must be i d e n t i c a l  f o r  neutrons 
and gamma rays, are  assumed to  be nonseparable. They must be continuous 
over 31, but  may be discontinuous over V and Z .  
i s  requi red as input  date. Gamma ray source energy spectra are assumed t o  be 

A l l  versions of t h i s  code are w r i t t e n  i n  FAP requ i r i ng  extensive reprograming 
t o  ~0~~~~~ t V ;  f o r  t h i s  reaso o t  considered .a candidate f o r  ~~~~ 

Sys%ern. 

A d i f fevent  

A tab le  o f  source dens i t i es  

pendent Of pos i t ion .  
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GAMMA-RAY S H I E L D I N G  CODES 

(b) Point Kerne'l I n teg ra t i on  

NAME 
QAD: A Series o f  Point-Kernel General-Purpose Shielding Programs 
_I_ 

A l l  versions i n  FO 1v 

APPLl CABLE CO~PUTER/SO~TWAR~ 

A 1 1  versions on 1861 7090 & 7094, i n  a d d i t i o n  QAD-P5 i s  on IBN 360 and QAD- 
P5A i s  on CDC 6500 

D E S C R l P T l O N  

Problem Solved 

QAD i s  a Point  Kernel Code System designed t o  ca l cu la te  f a s t  neutron and 
gamma-ray penetrat ion o f  various s h i e l d  conf igurat ions.  The Q A D - I V  Program 
provides an estimate o f  u ~ c o ~ ~ i ~ e d  gamma-ray f l ux ,  dose rate,  and energy 
deposi t ion a t  spec i f ied detector po ints .  The f a s t  neutron dose i s  a l so  
obtained using a modif ied Albert-Welton Kernel. 

METHOD OF SOLUTlOM 

I n  the gamma-ray ca l cu la t i on ,  the p o i n t  kernel method used involves repre- 
sent ing the gama source by a number o f  p o i n t  i s o t r o p i c  sources and computing 
the l i ne -o f - s igh t  distance from each of these source po in ts  t o  the detector 
p o i n t  from the distance through the sh ie ld ing  regions and the c h a r a c t e r i s t i c s  
of  the sh ie ld ing  mater ia ls.  The geometric a t tenuat ion and ma te r ia l  attenu- 
a t i o n  are calculated. The energy t rans fe r red  along the l i n e - o f - s i g h t  i s  
then ca lcu lated based on t h i s  a t tenuat ion and the appropr iate bui  ld-up fac to r  
t o  account fo r  the scattered rad ia t i on .  With a d i s t r i b u t e d  source, the p o i n t  
kernel  i nc lud ing  tbe bui ld-up f a c t o r  are in tegrated over the source volume f o r  
each source energy considered. 

INPUT/OUTPUT 

Input data consis ts  o f  a desc r ip t i on  o f  the source d i s t r i b u t i o n  and i n t e n s i t y  
by a number of p o i n t  i s o t r o p i c  sources; a mathematical representat ion of the 
phys ica l  geometry w i t h  quadrat ic surfaces; and the t a b u l a t i o n  of at tenuat ion 
coe f f i c i en ts  bui Id-up factors  and conversion fac to rs .  In some versions 1 f b ra r ies  
of  a t tenuat ion coe f f i c i en ts ,  bu i ld-up factors,  e tc .  are contained i n  the pro- 
gram. Punched card input and p r i n t e d  output a l t e r a t i o n s  o f  input/output for  use 
i n  code system would not  be d i f f i c u l t .  
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P NAME: QAD: (continued) 

RESTR I CT I ONS OR L IMITATIONS 

'Plumber o f  neutron reference materla' ls < 5; and number o f  neutron energy 
groups < 15. 
For a 7094 i t  i s  estimated t h a t  the code w i l l  accept up t o  180 homogenous 
zones, 80 surfaces, 70 compositions, 35 mater ia ls ,  10,000 source poi r l ts  
and 50 energy groups. 
cent greater.  

The remainder o f  the 1imTtations are imposed by core size, 

On a 65K machine these may be about 20 tb  40 per- 

TYPICAL RUNNING TIME 

QAD-IV = 1.8 min; QAD-P5 = 1.2  min; QAD-B = 2.4 min; QAD-5 = 7.2 min; 
QAD-INT = 0.6 min; QAD-HD = 4.8 min; QAD-P5A = l , 6  mln; times given are 
for the I B M  7090. 

ORIGINATOR 

Los Alamos S c i e n t i f i c  Lab - N Div is ion,  Los Alamos, N.M. 
QAD-HD and QAD-PSA were contr ibuted by NASA/Lewis Research Center, 
Shielding Analysis Section, Cleveland,Ohio. 

AVAILABILITY 

Codes Coordinator, Radiat ion Shielding informat ion Center, Oak Ridge 
Nat ional  Lab - P.O. Box 4, Oak Ridge Tenn., (37830) 

REFERENCES 

Reference 98 and 99 

CRITICAL R E V I E W  

The QAD-P5 code i s  an expansion o f  Q A D - I V  which incorporates a technique 
f o r  i n t e r p o l a t i n g  the resu l t s  o f  neutron ca lcu la t tons  by the moments 
method so lu t i on  t o  the Boltzmann equation, add i t iona l  source descr ip t ion  
rout ines,  and an increase o f  the opt ions on output. in te rpo la ted  mbments- 
method neutron f luxes, energy deposi t ions and dose rates may be ca lcu lated,  

BAD-HD is w r i t t e n  t o  evaluate the heat deposi t ion and temperature r i s e  of 
the prope l lan t  and the dose t o  a crew dur ing nuclear rocket reactor  
ope r a t  i on 

The QAD-195A code i s  a version o f  QAD-PS which includes a b u i l t i n  l i b r a r y  
of gmma-ray a t tenuat ion  coe f f i c i en ts ,  bu i ld-up fac to r  coe f f i c i en ts ,  neutron 
removal cross sect ions and neutron moments method spectra coef f i c ien ts .  

- 
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- NAME: QAD: (continued) 

QAD- INT  i s  designed t o  ca lcu la te  gamma-ray heat ing rates w i t h i n  a source 
region, o r  i n  a s e m i - i n f i n i t e  region surrounding the source zone. I t  a l s o  
ca lcu la tes  d i r e c t  beam and bu i ldup f luxes and dose rates. L ke a l l  QAD 
codes, QAD- INT  i s  a d i s t r i b u t e d  source po in t  kernel  ca l cu la t  on and uses 
the energy bui ldup fac to rs  f o r  water, 

The QAD-V code i s  a vers ion o f  QAD-IV w r i t t e n  t o  permi t  heat 
w i t h  a two-dimensional i n t e g r a t i o n  scheme. 

ng ca l cu la t i ons  

QAD-8 i s  an expanded version o f  QAD-PS w i t h  a s i m p l i f i e d  input  format and 
a more de ta i l ed  output format. This vers ion a l s o  includes a data l i b r a r y  
of many o f  the requi  red input  parameters. 

I n  order  t o  r e t a i n  f l e x i b i l i t y  i n  the INAP System on ly  the general codes 
Q A D - I V ,  QAD-P5A and QAD-B w i l l  be considered i n  the evaluat ion.  The o the r  
codes of the  QAD ser ies  have been developed f o r  spec ia l  app l i ca t ions  which, 
although some of these app l ica t ions  may c lose ly  resemble those intended f o r  
the IMAP System, necessar i ly  would impal r  the f l e x i b i l i t y  and genera l i t y  
o f  the  system. 

D I SADVANTAGES 

1. 

2. 

3. 

4. 

5. 

L i m i t a t i o n  on accuracy iherent  i n  Point  Kernel Method. Beyond a 
c e r t a i n  po in t ,  ref inement of source d i s t r i b u t i o n  and spectrum o r  descr ip-  
t i o n  of problem geometry does not  improve r e s u l t .  

The nature of the approximation leads t o  systematic e r r o r s ,  the  s ign  and 
seve r i t y  o f  the e r ro rs  depend on the p a r t i c u l a r  source-shield-detector 
o r i e n t a t i o n  and charac ter is t i cs .  Evaluat ion o f  these e r r o r s  requi res 
e i t h e r  judgement gained from considerable experience i n  using the  method 
o r  on experimental v e r i f i c a t i o n .  

The Kernels used t o  determine d i f f e r e n t i a l  neutron spectra are not 
v a l i d  down to thermal energies. Since s i g n i f i c a n t  a c t i v a t i o n  occurs a t  
energies below the  minimum energy for which the kernels are v a l i d  
ser ious e r r o r  could r e s u l t .  

Point  Kernel method i s  not  an acceptable method by which an experiment 
should be analyzed since uncer ta in ty  i n  a n a l y t i c a l  r e s u l t s  are too 
large. 

Source spec i f i ca t i on  does not  permit azimuthal v a r i a t i o n  of source 
i ntens i ty. 
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- NAME : QAD (Con t i nued) 

ADVANTAGES 

I .  

2, 

3. 

4. 

5 .  

6 .  

QAD-P5 and other  l a t e r  versions permit  source 
i n  spher ical  c y l i n d r i c a l  and Cartesian coord 
d i s t r i b u t i o n  o r  tabular  d i s t r i b u t i o n s .  

geometry spec! f i  Catlon 
nate systems by cosine 

Program i n  wide use a t  many d i f f e r e n t  laborator ies and companies, There i s  
a great deal o f  experience i n  using t h i s  code. 

Point  Kernel method i s  very economical when many d i f f e r e n t  v a r j a t l o n s  
o f  a p a r t i c u l a r  con f igu ra t i on  are t o  be analyzed. However, i t  i s  
necessary t o  f i r s t  v e r i f y  the point kernel analys is  f o r  the bas ic  con- 
f i g u r a t i o n  e i t h e r  by experiment o r  by a more accurate computational 
method. 

Method usual ly  gives s a t i s f a c t o r y  r e s u l t s  f o r  photon s h i e l d i n g  
analys is  a t  a very low comparative cost. I 

Geometry rout ines b u i l t  i n t o  the  code are capable o f  descr ib ing com- 
p l e x  s h i e l d  s t ructures.  

Source may be described in  cy1 i n d r i c a l ,  spher ica l  o r  Cartesian 
coordinate systems. 

The QAD program i s  s u i t a b l e - f o r  use i n  the  INAP systed and would perform the 
gamma ray sh ie ld ing  calcualt i 'ons s a t i s f a c t o r i l y . '  It wasn't considered 
fu r the r  because the KAPV program, although given a d i f f e r e n t  name, i s ,  i n  
r e a l i t y ,  an improved version o f  QAD. These improvements (see the KAPV re- 
view) were deemed s u f f i c v i e n t  t o  se lec t  KAPV as the m O s t  s u i t a b l e  o f  a l l  
the versions of QAD f o r  i nqegra :ion i n t o  the lNAP system. 
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NAME 

GGG: General Geometry Gama Scat ter ing 
- 

PROGRAM LANGUAGE 

For t ran I V  

APPL I CABLE COMPUTER/SOFTWARE 

360165, CDC-6600 

DESCRIPTION 

P rob 1 em So 1 ved 

Program computes gamma doses a t  spec i f i ed  detector loca t ions  from po in t  or 
d i s t r i b u t e d  gamma sources. Complex three-dimensional sh ie ld  geometry may 
be considered. GGG a lso  computes a f i r s t  sca t te r  source for input  i n t o  the 
SCATBLOCK program. 

METHOD OF SOLUTION 

The method o f  s o l u t i o n  i s  s i m i l a r  t o  the QAD X codes except t h a t ,  i n  add i t i on  
t o  determining the  uncol l tded doses and m u l t i c o l l i s i o n  doses (from bui ld-up 
data) a t  detector  locat ions,  a volume d i s t r i b u t e d  f i r s t  c o l l i s i o n  source is 
ca lcu la ted  f o r  l a t e r  use i n  the SGATBLOCK program. 

INPUTIOUTPUT 

lnput  i s  by punched cards and output i s  p r i n t e d  and a magnetic tape i s  
w r i  t t e n  f o r  inpu t  to SCATBLOCK. 

RESTRICTIONS OR LIMITATIONS 

Only gamma r a d i a t i o n  i s  t reated. 

TYPICAL RUNNING TIME 

1 source p o i n t / l  detector/500 sca t te r ings  requires 0.5 minutes o f  360/65 
t y p i c a l  problem requi res 10 seconds -30 minutes, 

OR I G I NATOR 

R. Malenfant, Los Alamos S c i e n t i f i c  Laboratory 

AVAILABILITY 

Not ava i l ab le  from Argonne Code Center, DASIAC o r  R S I C ;  ob ta in  from author. 

RE FEREM CE S 

Reference 1 00 
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NAME : GGG (Con t i nued) 
q_ 

CRIT I CAL REV I EW 

T h i s  code i s  not  considered f u r t h e r  f o r  use i n  the INAP System f o r  the 
lowing reasons: the code and code documentation are not genera l ly  

aval lab le;  outs ide of a few organizat ions there i s  l i t t l e  experience i n  
using the code; and the code has no unique features which make i t  of 
p a r t i c u l a r  i n t e r e s t .  
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NAME 
SCATBLOCK: A Shie ld ing Code f o r  S e n s i t i v i t y  Studies 

P RO G RAP1 LANGUAGE 
FORTRAN I V  

- 

APPLICABLE COMPUTER/SOFTWARE 

18M 360/65 

QESCRlPTlON 

Problem Solved 

T h i s  code requires a f i r s t  c o l l i s i o n  source computed by the GGG code. Using 
t h i s  along w i t h  geometrical and mater ia l  a t tenuat ion data f o r  add i t iona l  
sh ie ld ing  SCATBLOCK w i l l  r a p i d l y  ca lcu la te  c o l l i e d  doses a t  spec i f ied  detector  
locat ions.  An add i t iona l  code, DIRECT, computes the unco l l ided  dose a t  the 
same detector  locat ions.  Together the two programs are used t o  perform sensi-  
t i v i t y  s tud ies t o  evaluate many a l te rna te  sh ie ld  conf igurat ions and/or mater ia ls ,  

METHOD OF SOLUTION 

Exponential a t tenuat ion  i s  used w i t h  the f i r s t  c o l l i s i o n  source t o  est imate 
the doses a t  detectors. 
program, DIRECT. 

Urncollided dose component must be calcu’ lated by the  

1 NBUT/OUTPUT 

input i s  by magnetic tape produced by GGG, whereas output i s  punched cards which art 
then input  to  the code, DIRECT. 

RESTRICTIONS OR LlMlTATlONS 

Code cannot provide usefu l  r e s u l t s  wi thout  also runnIng t h e  codes, GGG and DIRECT. 

TYPICAL R U ~ N ~ N G  T I M E  

c 5 minutes for very complex geometries 

0 R I G I N AT0 R 

Aero jet  Nuclear Systems Company, Sacramento, Ca l i f o rn ia  

AVAILABILITY 

N o t  genera l ly  avai l a b l e  

RE FE RENC E S 

Reference 101 

CRITICAL REVIEW 

Th is  i s  a special  purpose computer program f o r  parametric s tud ies of r a d i a t i o n  
sh ie ld ing.  
po in t  kernel  i n teg ra t i on  codes which have been reviewed, 
ava i l ab le  through a code center and i s  not  wide ly  used. 
program is not  considered f o r  f u r t h e r  use i n  the INAP System. 

i t  i s  not  general and does not possess the f l e x i b i l i t y  of most other 
Also, the code i s  no t  

For these reasons the 
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N AM€ 

NE U SCAT 
- 

PROGRAM LANGUAGE 

For t ran I V  

APPLICABLE COMPUTER/SOFTWARE 

I BM- 1 1  30 

DESCRl  P T I O N  

Problem Solved 

Computes doses a t  detector  po in ts  Prom point  o r  d 
detectors ou ts ide  the source regions thorugh comp 
g eome t r i e s . 
METHOD O F  SOLUTION 

NEUSCAT in tegrates .the p o i n t  a t tenuat ion  kernel  w 

s t r i  buted sources for  
ex 3-dimensional shie 

th  b u i l d  up over the 
source volume t o  compute gamma dose a t  spec i f i ed  detector  locat ions.  

TYP 1 CAL RUNN I NG T I  ME 

Less than 1 minute 

OR1 G I  NATOR 

Aeroje t General 

AVAILABILITY 

Not i n  use - absolete 

RE FE REN CE S 

Reference 103 

CRITICAL REVIEW 

d 

The code i s  not  i n  use and i s  not ava i lab le .  Therefore, i t  i s  not  con- 
s idered f u r t h e r  f o r  use i n  the INAP System. 
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NAME 

KAP-V - The Point  Kernel At tenuat ian Program 
q__ 

PROGRAM LANGUAGE 

For t ran I V  

APPL I CABLE COMPUTER/SOFTWARE 

OBM - 7094, CDC 4600 
- 

OESCRIPTIOM 

Problem Solved 

Neutron and/or gamma rad ia t i on  l e v e l s  are ca lcu lated a t  detector  po in ts  
located w i t h i n  o r  outs ide a complex rad ia t i on  source geometry descr ibable 
by a combination of quadrat ic  surfaces. A v a r i e t y  o f  opt ions are ava i l -  
able f o r  descr ib ing c y l i n d r i c a l ,  spher ica l ,  d isc,  l i n e ,  o r  po in t  sources 
o r  source d i s t r i b u t i o n s  i n  complex geometries. The output can be f lux ,  
dose o r  heat ing rate.  

METHOD OF SOLUTION 

The Point  Kernel method i s  used. The a t tenuat ion  funct ion,  o r  Kernel, f o r  
gamma rays employs exponential a t tenuat ion  w i t h  a bu i ldup factor .  Three 
opt imal f a s t  neutron at tenuat ion funct ions are included - a modif ied A lbe r t -  
Welton func t ion  f o r  ca l cu la t i ng  f a s t  neutron dose r a t e  us ing removal cross 
sect ions - a b i v a r i a n t  polynominal expression f o r  computing neutron spectra 
using i n f i n i t e  media moments data - a monovariant polynomial expression f o r  
computing neutron spectra using i n f i n i t e  media moments data. 

1 NPUT/OUTPUT 

Punched card input  and p r i n t e d  output  w i t h  several  opt ions i n  what data may 
be p r i n t e d  out,  although, s l i g h t l y  more d i f f i c u l t  t o  modify than QAD. 
Input data requirement b a s i c a l l y  s i m i l a r  t o  QAD. 

RESTRICTIONS OR LIMITATIONS 

Number of geometry regions or zones < 100, boundary surfaces L, 100, response 
funct ions < IO, gamma groups 
- < 25, source volumes < 8000, no 1 i m i  t on number of-source regions since these 
may be handled by s tazk ing cases. 

30, neutron groups < 30, detector  po in ts  

TYPICAL RUNNING TIME 

Sample problem = 3 minutes 

ORIGINATOR 

Westinghouse Astranuclear Lab - Pi t tsburgh,  PA. f o r  NASA George C Marxhall  
Space F l i g h t  Center - Huntsvi l le,Ala.  
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NAME : KAP-V (Cont i nued) 

A V A I L A B I L I T Y  

_c_ 

Codes Coordinator - Radiat ion Sh ie ld ing  In format ion Center, Oak Ridge 
Nat ional  Laboratory - P.  0. Box X, Oak Ridge, Tennessee 37830. (Send 
ree l  of magnetic tape. 

REFERENCES 

Reference 104 

CRITICAL REVIEW 

KAP-V u t i l i z e s  the geometry rout ines from QADlV i n t a c t  and i s  o v e r a l l  very 
s i m i l a r  t o  the QAD codes. However, there are opt ions and improvements 
added, the most s i g n i f i c a n t  o f  which are noted below: 

1. Data input  requirements have been reduced. 
2. A c l ose ly  space source desc r ip t i on  (eg., from a d i sc re te  

ord inates calculation/may be input  and in te rpo la ted  to  
reduce the number o f  source po in ts  which a re  considered 
i n  the ca lcu la t ion .  

The f l u x  a t  a detector  w i th in  a gamma ray source reg ion 
may be ca lcu lated.  

3. Input data i s  checked f o r  consistency. 
4. 

5. E f f i c iency  of  operat ion has been improved. 

D I SADVANTAGES 

1 .  Has on ly  spher ica l  and c y l i n d r i c a l  source geometry spec i f i ca t ion .  

2. Not used as widely  as QAD codes. 

3. L i m i t a t i o n  on accuracy inherent i n  Po in t  Kernel Method. Beyond a 
c e r t a i n  p o i n t  refinement of source d i s t r i b u t i o n  and spectrum or 
descri  p t i  on of  problem geometry does not  improve resu l t .  

4. The nature o f  the approximation leads to systematic e r ro rs ,  the s ign  and 
sever i ty  of the e r r o r s  depend on the p a r t i c u l a r  source-shield-detector 
o r i e n t a t i o n  and cha rac te r i s t i cs .  Evaluation o f  these e r r o r s  requi res 
e i t h e r  judgement gained from considerable experience I n  us ing the  Wthod 
o r  on experimental v e r i f i c a t i o n .  

5. The Kernels used t o  determine d i f f e r e n t i a l  neutron spect ra a re  no t  v a l i d  
down t o  thermal energies. Since s i g n i f i c a n t  a c t i v a t i o n  occurs a t  energies 
below the minimum energy for which the kernels  are v a l i d  serious 
e r r o r  could resu l t .  

should be analyzed since u ~ ~ e r t ~ i ~ t ~  i n  a n a l y t i c a l  r e s u l t s  are too large. 
6. Point Kernel method i s  not an acceptable method by which an experiment 
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- NAME : KAP-V (Con t i nued) 

ADVANTAGES 

1 .  Source i n t e n s i t y  may be spec i f i ed  i n  terms o f  a n a l y t i c  func t ions  
(uniform, cosine, o r  exponential) o r  as a tabu la r  d i s t r i b u t i o n .  Also, 
d i s c r e t e  sources may be input  which describe v a r i a t i o n  o f  source in -  
t e n s i t y  w i t h  the azimuthal var ib le .  

Code was prepared f o r  MSFC t o  run on I B M  7094 a t  the i n s t a l l a t i o n .  
Code may a l so  have been converted t o  UNIVAC 1108 a t  MSFC. 

te rpo la ted  and transformed t o  a more e f f i c i e n t  form f o r  p o i n t  kernel  
use. 

monovari an t  f i t e 

p l e x  s h i e l d  s t ructures.  

Po in t  Kernel method i s  very economical when many d i f f e r e n t  va r ia t i ons  o f  
a p a r t i c u l a r  con f igu ra t i on  are t o  be analyzed. However, i t  i s  necessary 
t o  f i r s t  v e r i f y  the p o i n t  kernel analys is  f o r  the bas ic  conf igura t ion  
e i t h e r  by experiment o r  by a more accurate computational method. 

a t  a very low comparative cost .  

which avoids the e r r o r s  a r i s i n g  when s i t u a t i o n  ar ises  i n  po in t  kernel 
method 

2.  

3. A f i n e  mesh source d i s t r i b u t i o n  (eg. from a t ranspor t  run) may be In -  

4. Permits b i v a r i a n t  f i t  t o  nkutron moments data 'in a d d i t i o n  t o  the 

5 .  Geometry rou t ines  b u l l t  i n t o  the code are capable o f  descr ib ing  com- 

6. 

7. Method usua l ly  gives s a t i s f a c t o r y  r e s u l t s  f o r  photon sh ie ld ing  ana lys is  

8. Program w i l l  handle detectors  i n  a source reg ion by an a l t e r n a t e  method 



NAME 
P 

SHADRAC: Kernel I n teg ra t i on  Code - Sh ie ld  Weating & Dose Rate Ca lcu la t ion  
i n  Complex Geometry. 

PROGRAM LANGUAGE 

FORTRAN i W  

APPLICABLE COMPUTER/SOFTWARE 

I BM -7090 - 7094 

DESCRIPTION 

P rob 1 em So 1 ved 

SWADRAC ca lcu la tes  the neutron and/or gamma ray spectra, heat generation rate,  
and/or dose r a t e  a t  each o f  a group o f  p o i n t  detectors,  due t o  each of a group 
o f  po in t  sources. The sources may be d iv ided i n t o  sets,  w i t h  each se t  having 
a unique source spectra. The spectrum, heat ing  rate,  and/or dose r a t e  f o r  
each detector,  summed over each source-point set  and over the e n t i r e  source 
group, may a l s o  be computed. Complex geometry may be treated. 

METHOD OF SOLUTION 

Point - to-Point  Kernels, based upon the d i f f e r e n t i a l  energy spectra for a 
p o i n t  i s o t r o p i c  source i n  an i n f i n i t e  medium are in tegra ted  over var ious sources. 
The data used i s  based on the moments-method so lu t i on  o f  the fast -neutron or 
gamma ray t ranspor t  equation. The stepping-point  method .is used t o  solve for  
the path lengths from source t o  detector  i n  each region. The gamma-ray absorp- 
t i o n  coef f i c ien ts  are based on i n te rpo la t i ons  of the pho toe lec t r i c  and p a i r  
product ion cross sect ions so t h a t  the  c o e f f i c i e n t s  may be computed for  a l l  media 
of the system. The e f fec t i ve  atomic number i s  i n te rpo la ted  from a tab le  o f  
atomic numbers versus the absorpt ion c o e f f i c i e n t  per e lect ron.  The mode o f  d is -  
t r i b u t i n g  the source po in ts  is chosen ( e i t h e r  equal i n t e r v a l  o r  according t o  
Gaussian quadrature abscissa) which locates the coordinate planes t h a t  ar 
pendicu'tar t o  the coordinate axes. The in te rsec t ions  of  these planes are source 
poi n t  1 ocat i ons 

D NPUT/OUTPUT 

Punched card input  and p r i n t e d  output. 
and p a i r  product ion cross sect ions and code in te rpo la tes  t o  ob ta in  e f f e c t i v  
atomic number and uses i n t e r n a l l y  ca lcu la ted  bui ldup factors.  

R E S T R I C T I O N S  OR ~ ~ ~ I T A ~ I ~ ~ ~  

Enough physical  and source desc r ip t i on  c a p a b i l i t y  i s  provided by the program 
so tha t  there should be l i t t l e  unce r ta in i t y  except t h a t  ssociated w i t h  the 
po in t - to -po in t  kernels  as  app l ied  t o  s p e c i f i c  geometries. 
genera l ly  increase the e r r o r  s ince i t  i s  necessary t o  use a r b i t r a r y  p resc r ip t i ans  
f o r  combining homo enous media data. 

Requires on ly  gamma ray pho toe lec t r i c  

lnhwnogeneities 
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_L NAME: SHADRAC (Continued) 

TYPICAL RUNNING TIME 

Estimated running t ime o f  sample problem 

ORlGlNATOR 

USAF Nuclear Aerospace Research F a c i l i t y  

on the IBM 7090 i s  3 minutes. 

General Dynamics, For t  Worth, Texas. 

AVAl  LAB I L ITY 

Codes Coordinator - Radiat ion Shie ld ing nformat ion Center, Oak Ridge Nat ional  
Laboratory - P. 0. Box X, Oak Ridge, Tennessee 37830. Send reel  o f  magnetic 
t ape  e 

REFERENCES 

Reference 105 

CRlTlCAL R E V I E W  

Although t h i s  code has no p a r t i c u l a r  drawback which would e l im ina te  i t  from 
considerat ion,  ne i ther  does i t  have any p a r t i c u l a r  fea ture  which might cause 
i t  t o  be more des i rab le  than the KAPV o r  QADX programs which are i n  wider use, 
Also the  gamma ray bu i ldup data i s  programmed i n t o  the code which simplifies 
and reduces the quan t i t y  o f  input,  however, as new d a t a  becomes ava i lab le  i t  
i s  more d i f f i c u l t  t o  incorporate i t  i n t o  the ca lcu lat ions.  In KAPV o r  QADX 
(some versions) i t  i s  opt iona l  a t  program execut ion whether the bui ldup data 
i s  input  o r  ca lcu la ted  by the code. For these reasons SHADRAC was not  con- 
s idered f u r t h e r  f o r  use i n  the lNAP code system. 
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NAME 

ISOSHLD: Kernel i n teg ra t i on  Code - General Purpose isotope Shie ld ing Analysis 
- 

P RO GRAM LANGUAGE 

FORTRAN I V  

AQPL I CABLE COMPUTER/SOFTWARE 

ISOSHLD I on I B M  7090, lSOSHLD I I  on IBM 360 

O E S C R I  PT ION 

P rob 1 em Sol ved 
I- 

l soshld ca lcu la tes  the decay gamma ray and bremsstral lung dose a t  the e x t e r i o r  
o f  a shielded rad ia t i on  source. 
geometric shapes. 
f i s s i o n  products produced under known i r r a d i a t i o n  condi t ions,  then the s t rength 
o f  the source i s  also ca lcu lated.  The code ca lcu la tes  s h i e l d  r@CJiQn mass 
a t tenuat ion  coe f f i c i en ts ,  bu i ldup factors ,  and o ther  bas ic  data necessary t o  
so lve the spec! f i  c problem. 

The source may be one o f  a humber of.common 
I f  the r a d i a t i o n  source o r ig ina ted  as one o r  a group of 

METHOD OF SOLUTION 

The “standard” p o i n t  a t tenuat ion  Kernel (bu l  ld-up f a c t o r  X exponential a t ten-  
ua t ion  geometry factor )  i s  numer ica l ly  in tegra ted  over the  source volume for 
25 source energy groups. 
bu t ion  (where appl icable)  may be ca lcu la ted  by the l i nked  f i s s i o n  product 
inventory.  Code R I B D  o r  by other  opt ions as desired. 
ca lcu la ted  by the code based on the number o f  mean f ree paths of mater ia l  
between the source and detector  po ints ,  the e f f e c t i v e  atomic numbek of a 
p a r t i c u l a r  sh ie ld  region, and the p o i n t  i s o t r o p i c  MDA bu i ldup data as Taylor  
Coe f f i c i en ts  i n  the  e f f e c t i v e  atomic number range of 4 t o  82. 

Source s t rength i n  uni form or e x p o n e n t i a l ’ d i s t r i -  

Bui ld-up factors  are 

Purtched card input  and P i  nted output 

RE STR 1 CT I ON S 0 R L I M I TAT I ONS 

regions i nc lud ing  source region, 25 energy groups, 20 mater ia ls  i n  each sh ie ld  
r e g i o ~ ,  choice of I 1  source geo 

TYPICAL RUNNING TIME 

Dose from c y l i n d r i c a l  v ~ ~ u ~  source - 20 i n teg ra t i on  increments i n  each d i rec t i on ,  
f i s s i o n  product inventory ca lcu a t ions  w i t h  5 decaJ times, 25 energy groups, 4 
sh ie ld  l ayers ,  5 mater ia ls  homo enized i n t o  each s h i e l d  l ayer  and the source 
volume - 6 minutes U M ~ W A C  1107, Most other  source ge6metries requ i te  less com- 
pu ta t i on  time. 

s e  l i m i t s  apply: 5 source coo l ing  times, 500 rad ioac t ive  isotopes, 5 s h i e l d  
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- NAME: ISOSHLD (Continued) 

OR1 G I NATOR 
B a t t e l l e  Memorial i n s t i t u t e  - P a c i f i c  Northwest Laboratory, Richland, 
Wash i ng ton. 

AVA I LAB I L I TY 

Codes Coordinator - Radiat ion Shie ld ing In format ion Center Oak Ridge 
Nat ional  Laboratory, P.O. Box X ,  Oak Ridge,Tennessee 37830. Send ree l  of 
magnetic tape, spec i fy ing  the vers ion desired 

RE FE RENCE S 

References 104 and 105 

CRITICAL REVIEW 

This program i s  very spec ia l i zed  i n  func t ion  and does no t  permit a general 
spec i f i ca t i on  o f  source geometry as do the KAP-V o r  QAD-X codes. I t  ca l -  
cu la tes the decay gamma ray and bremsstrahlung dose from a sh ie lded s to re  
of radioisotopes. The code i s  intended t o  t r e a t  problems associated w i t h  
isotopes handling, product ion and use. 
the source which are b u i l t  i n t o  the code. Therefore, when the source i s  t o  
be any number o f  w ide ly  d i s t r i b u t e d  ac t iva ted  regions a more general method 
o f  source desc r ip t i on  i s  required. The code was re jec ted  f o r  t h i s  reason. 
However', the Photon Production L i b r a r y  used i n  ISOSHLD should be reviewed 
t o  determine if data may be used t o  update the NAP l i b r a r y .  

There are  20 standard "shapes" f o r  
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NAME 

STERNO: Two Dimensional Gamma-Heating Kernel I n teg ra t i on  Code 
_p_ 

P RO G RAM LANGUAGE 

For t ran 63 

APPLICABLE COMPUTER/SOFTWARE 

CDC-  1604 

D E S C R I P T I O N  

Problem Solved 

The Sterno Code Calculates the gamma heat ing r a t e  due t o  gamma producing 
neutron react ions f o r  geometry w i t h  c y l i n d r i c a l  symmetry. 

METHOD OF SOLUTION 

The code uses microscopic photon product ion cross sections, mater ia l  
dens i t ies  and TDC neutron f luxes t o  generate the volume d i s t r i b u t e d  photon 
sources. The po in t  Kernel approximation t o  the volume d i s t r i b u t e d  source 
i s  used t o  ca lcu la te  the photon con t r i bu t i on  a t  a given mesh point .  A 
cor rec t ion  fac to r  i s  appl ied t o  the  po in t  surface approximation for sources 
i n  the immediate v i c i n i t y  o f  the mesh point ,  An equiva lent  bu i ldup fac to r  
i s  ca lcu lated using an empir ica l  method. The heat ing c a l c u l a t i o n  i s  per- 
formed using a subs tan t i a l l y  modif ied ver ison of  the 2 DGH code. 

I NPUT/OUTPUT 

Punched card input  p r i n t e d  output. 

RESTRICTIONS OR LIMITATIONS 

The code can accommodate a maximum of: 
energy groups, 2100 mesh po in ts ,  30 mater ia ls ,  and 50 regions. 

18 neutron energy groups, 8 gamma- 

TYPICAL RUNNING T I M E  

Estimated t ime t o  run the smaple problem: cross sect ion generation, 27 
seconds; problem, 8 minutes 47 seconds. 

ORIGINATOR 

P r a t t  E Whitney A i r c r a f t ,  Canel, Middletown, Conn. 

A V A l  LAB1 L ITY  

Codes Coordinator - Radiat ion Shielding Informat ion Center Oak Ridge 
Nat ional  Laboratory, P.O. X ,  Oak Ridge, Tennessee, 37830 (send ree l  of 
magnet i c tape) 
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NAME : STE RNO (Cont i nued 

REFERENCES 

Reference 106 

CRITICAL REVIEW 

The STERN0 code reads the output of a neutron t ranspor t  c a l c u l a t  on by' 
the TDC code and us ing photon production cross sections computes the 
volume d i s t r i b u t e d  gamma source from neutron capture and ine las t  c 
s c a t t e r  (however, no decay chain i s  ca lcu lated) .  This source i s  then 
used fo r  a p o i n t  Kernel i n teg ra t i on  t o  determine only  the heat ing produced 
by the secondary gamma rad ia t ion .  The on ly  geometry op t i on  ava i l ab le  i s  
f o r  a x i a l l y  symmetric f i n i t e  cy l i nde rs  as i n  the TDC. Therefore, t h i s  
program i s  re jec ted  s ince i t  i s  a very l im i ted ,  special  purpose program 
requ i r i ng  extens ive reprogramming f o r  app l i ca t i on  t o  the INAP System. 
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O,PERAT I ONAL BR I DG I NG 

NAME 

DASH 
Lc 

PROGRAM LANGUAGE 

For t ran  I V  

APPLICABLE COMPUTER/SOFTWARE 

I B M  360/65 

D E S C R I P T I O N  

Problem Solved 

DASH processes surface angular f luxes  ca lcu lated by the two-dimensional 
d i sc re te  ordinates code, DOT. Using angular f luxes  s to red  on magnetic 
tape by DOT from a c y l i n d r i c a l  ( r ,Z )  geometry ca l cu la t i on ,  DASH ca lcu lates 
angular f luxes  on a r b i t r a r y  cy1 i n d r i c a l  geometry surfaces outs ide the  
boundaries o f  the  DOT problem. This procedure avoids e r r o r s  due t o  the  
d i sc re te  ray e f f e c t  which a r i s e  i n  low order quadratures w i t h  two- 
d i mens i ona 1 d i sc re t e  o r d  i nates codes. 

METHOD OF SOLUTION 

DASH i s  a one c o l l i s i o n  Monte Car lo program which accepts surface angular 
f luxes from DOT as a s h e l l  source. P o s i t i o n  and angle vectors a re  
selected randomly on the source surface t o  se lec t  ' ' rays ' '  which are  then 
traced and the i n te rsec t i on  w i t h  detector  surfaces recorded. The in ten-  
s i t i e s  o f  the "rays" a re  determined by the  surface angular f l u x  a t  t h a t  
p o s i t i o n  and angles determined d i r e c t l y  from the d i s c r e t e  ordinates 
angular f l u x  d i s t r i b u t i o n  as an histogram or as a continuous funct ion of 
p o s i t i o n  and angle obtained by l eas t  squares f i t s  t o  the d i s c r e t e  ordinates 
f lux .  An intermediate absorbing medium is t rea ted  by exponent ia l ly  a t ten-  
ua t i ng  the source i n t e n s i t y .  The angular f l u x  computed a t  t he  detector  may 
be prepared by DASH i n  form fo r  input  t o  f u r t h e r  DOT c a l c u l a t i o n  or monte 
c a r l o  c a l c u l a t i o n  w i t h  the codes FMC-N, FMC-G o r  COHORT. E r r o r  est imates 
o f  the random sampling are a l s o  calculated. 

INPUT/OUTPUT 

DASH reads a magnetic tape prepared by the DOT code (when modif ied) and 
punched cards then produces p r i n t e d  output and, on opt ion,  a source tape 
fo r  a f u r t h e r  DOT c a l c u l a t i o n  and/or a source tape fo r  a fu r the r  Monte 
Car lo c a l c u l a t i o n  by FMC-N, FMC-G o r  COHORT. 

- 

R E S T R I C T I O N S  O R  LIMITATIONS 

Input must be prepared by DOT program and the DOT problem geometry must be 
c y l i n d r i c a l  ( r 9 Z ) -  Least squares smoothing o f  angular data i s  l i m i t e d  t o  
t h i r d  order polynomials. 
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- E: DASH (Continued) 

TYPICAL RUNNING T4HE 

Depends on problemsize and degree t o  which s t a t i s t i c a l  e r r o r  i s  desired 
t o  be reduced. Running t ime estimated to be approximately 1/10 the 
associated DOT problem. 

Aero jet  Nuclear Systems Company, Sacramento, Ca l i fo rn ia .  

AVA I LAB I L ITY  

Codes Coordinator - Radiat ion Shie ld ing Informat ion Center, Oak Ridge 
Nat ional  Laboratory, Oak Ridge, Tennessee, P,O.  Box X 

REFERENCES 

Reference 64 

CRITICAL REVIEW 
DASH provldes a mans o f  extending two-dimensional d isc re te  o rd ina te  calcu- 
l a t i o n  t o  t r e a t  more complex geometries. However, the geometries which may 
be handled are s t i l l  no t  as general as those which may be described by the 
complex geometry rout ines i n  po in t  kernel  i n teg ra t i on  o r  monte c a r l o  pro- 
grams. However, p o i n t  kernel  i n teq ra t i on  doesn't t r e a t  neutron t ranspor t  
w i t h  s u f f i c i e n t  accuracy and Monte Car lo  ca lcu la t ions  o f  the thermal neutron 
f l u x  are very c o s t l y  and t ime consuming. 
t o  use the two-dimensional d i sc re te  ordinates w i t h  l o w  order quadrature 
method f o r  the neutron t ranspor t  sec t ion  of an approximate code system. 
I n  order  t o  b e t t e r  approximate complex geometries DASH must be considered 
a candidate f o r  the INAP system. 

A disadvantage of DASH i s  t h a t  f o r  vo id  t r a c i n g  i t  i s  not  requi red t o  
u t i l i z e  a s t a t i s t i c a l  sampling method i n  order  t o  perform the in tegra t ions .  
The angular f l u x  a t t h e  DOT boundaries could be smoothed and the  in tegra-  
t i o n  then performed by a de te rm in i s t i c  technique. This  then avoids e r r o r s  
due to  sample size. 

Therefore, i t  may be necessary 
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MAHE 

SPACETRAN-X 
- 

PROGRAM LANGUAGE 

For t ran I V  

APPLICABLE COMPUTER/SOFTWARE 

BBN 360/75 

DESCWl PT I ON 

Brob lem Sol ved 

SPACETRAN ca lcu la tes  the energy dependent t o t a l  f l u x ,  or some propof t ional  
quan t i t y  due t o  rad ia t i on  leakage from the  surface o f  a r i g h t  c i r c u l a r  
cy l i nde r  a t  detector  posi tons away f r o m  the surface. 

METHOD OF SOLUTION 

SBACETRAN numerical ly in tegrates the  t ranspor t  equat ion i n  a vacuum t o  ob- 
t a i n t h e  f l u x  a t  a detector  from a c y l i n d r i c a l  surface. Spec i f i ca l l y  I t  
takes the angular f l u x  d i s t r i b u t i o n s  from the boundary o f  a DOT and/or 
ANlSN ca l cu la t i on  and performs an in teg ra t i on  over the boundary surface 
t o  ob ta in  the f l u x  o r  doses a t  a spec i f i ed  detector  l oca t i on  away from 
the boundary , 

INPUT/OUTPUT 
Input are the detector  locat ions,  ANlSN or DOT angular d i s t r i b u t i o n s ,  sourde mesh 
and dimensions, and response functions for desired output  quan t i t i es .  Output 
consists o f  the desired q u a n t i t i e s  a t  the detectors. 
RESTRICTIONS OR LIMITATIONS 

Right c i r c u l a r  cy1 inder  geometry for  the surface source. 

TYPICAL RUNNING T IME 

Not noted 

OR! G I NATOR 

ORNL-N 

AVAILABILITY 

Codes Coordinator, Radiat ion Shie ld ing ln format ion Center, Oak Ridge 
Nat ional  Laboratory, Oak Ridge, Tennessee. Ava i lab le  as Code Package 
#CCC-120. 

RE FE REMC ES 

Reference 65 
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- NAME: SPACETRAN-X (Continued) 

CRITICAL REVIEW 

SPACETRAN-I numer ica l ly  in tegra tes  A N I S N  angular f luxes a t  the boundary 
of a s e m i - i n f i n i t e  cy l i nde r  over the surface of a spec i f i ed  length along 
the cy l i nde r  t o  ob ta in  the neutron o r  gamma f l u x  and/or dose rates a t  
spec i f ied  de tec tor  loca t ions  away from the boundary. 
a lso  i n teg ra te  the surface angular f l u x  from an ANISN s e m i - i n f i n i t e  s lab  
ca l cu la t i on  over a d i sc  on the s lab  surface t o  estimate the f l u x  and/or 
dose rates from the ends of  the cy l inder .  The two must be added 
e x t e r n a l l y  t o  ob ta in  the t o t a l  c o n t r i b u t i o n  from the end and sides o f  
the cy l inder .  SPACETRAN-I1 performs the same c a l c u l a t i o n  assuming the 
angular d i s t r i b u t i o n  o f  the f l u x  a t  the boundary i s  described by a 
power of  the cosine of  the po la r  angle t o  the outward d i rec ted  normal t o  
the surface. SPACETRAN-III performs the same ca lcu la t i on  using the boundary 
f luxes from a DOT R-Z c a l c u l a t i o n  and should g ive  a f a r  more accurate r e s u l t  
than e i t h e r  o f  the previous two versions. Again, however, on ly  the angular 
in tegra ted  response a t  the detector  i s  given. To couple two DOT ca lcu la -  
t i ons  to  model a complex three-dimensional geometry i t  i s  necessary t o  o b t a i n  
the angular f l u x  a t  the detector  as done by the Br idg ing Code DASH. Since 
SPACETRAN does no t  prov ide the requi red d e t a i l ,  i t  i s  not  considered f u r t h e r  
f o r  use i n  the INAP system. 

The program w i l l  
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NAME 

NAGS - A For t ran I V  Data Processing Program f o r  Calcu lat ion of Neutron 
- 

and Gamma Ray Heating i n  Two Dimensional Geometries. 

PROGRAM LANGUAGE 

For t ran I V  

APPLICABLE COMPUTER/SOFTWARE 

I BM- 7094 

DESCRIPTION 

Problem Solved 

The NAGS program i s  a special  purpose program which serves as a l i n k  between 
the neutron t ranspor t  s o l u t i o n  and the secondary photon t ranspor t  s o l u t i o n  
using the d i s c r e t e  ordinates t ranspor t  program ODD-K. This program processes 
neutron and photon energy f l u x  data simultaneously t o  ca l cu la te  t o t a l  heat ing 
d i s t r i b u t i o n  i n  a reactor.  The program a l s o  provides saurce d i s t r i b u t i o n  
data fo r  subsequent use i n  Point  Kernel o r  Monte Car lo Analysis. 

METHOD OF SOLUTlON 

The NAGS 1 rou t i ne  processes a l l  geometrical data and neutron, photon energy 
f l u x  data t o  obta in  a b inary work tape conta in ing the  f l u x  data i n  a usable 
form f o r  subsequent use. The NAGS 2 rou t i ne  processes the k l e k n t w i s e  
neutron and photon react ion ra te  and f l u x  data t o  obtaim a regiorlwtse Soufce 
funct ion and/or response funct ion b ina ry  work tape for subsequent use. NAGS 
3 rout ine ca lcu lates regionwise neutron and/or photon energy deposi t ion 
d i s t r i b u t i o n s  and in teg ra l s .  I n  add i t i on ,  NAGS 3 calcu lates neutron and 
photon dose r a t e  throughout the two-dimensional mesh c e l l  array.  NAGS 4 
rout ine ca lcu lates regionwise photon source d i s t r i b u t i o n s  and i n t e g r a l s  f o r  
use i n  subsequent Monte Car lo o r  Point  Kernel method analyses. NAGS 4 a lso  
provides the two-dimensional mult igroup neutron o r  photon source data i n  each 
mesh c e l l  for  subsequent use i n  neutron or photon t ranspor t  ca lcu lat ions.  

O R I G I N A T O R  

Westinghouse, Pitsburgh, Pennsylvania 

AVAILABILITY 

Codes Coordinator - Radiat ion Shie ld ing informat ion Center, Oak Ridge 
Nat ional  Laboratory, P.O. Box X, Oak Ridge, Tennessee. Send ree l  magnetic 
tape. 

REFERENCES 

Reference 66 
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NAME : NAGS (Con t i nued) 

CRITICAL REVllEW 

The NAGS program calcu lates neutron react ion rates from input energy and 
space dependent neutron f luxes obtained from a previous t w o  dimensional 
d i sc re te  ordinates c a l c u l a t i o n  and microscopic react ion cross sect ion 
data. The code then prepares tapes i n  appropr iate format f o r  input t o  
p o i n t  kernel o r  Monte Car lo ca l cu la t i ons  o f  secondary gamma doses and 
heat ing rates. The code does not  perform decay chain ca l cu la t i ons  t o  
determine a c t i v a t i o n  gamma sources. This code was not  considered f u r t h e r  
f o r  use i n  the code system since the two dimensional d i s c r e t e  ordinates 
code w i t h  which i t  couples was re jected since other, more recent b r i d g i n g  
codes such as DASH and MAP performed the same funct ion.  

- 
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NAME 

PERT I V  
c_ 

PROGRAM LANGUAGE 

For t ran I I ,  I V ,  and 63 

APPLICABLE COMPUTER/SOFTWARE 

IBM-7090, 360, CDC-1604, UNIVAC-1107 

DESCRIPTION 

PERT i s  a two-dimensional, f i r s t - o r d e r  per tu rba t ion  theory code fa r  
computing r e a c t i v i t y  c o e f f i c i e n t  t raverses, a c t i v i t y  t raverses, the  neutron 
generating time, and the e f f e c t i v e  delayed neutron f r a c t i o n .  

I NPUT/OUTPUT 

Input requires input  f luxes  and ad jo in t  f luxes from one ar t w o  dimensional 
code, mesh spacing, cross sect ions and general problem values. 

RESTRICTIONS O R  LIMITATIONS 

Problem 1 i m i  ted by machine s ize.  

TYPICAL RUNNING T IME 

Problem dependent 

O R  I G I NATOR 

Bate 1 1 e Northwest Laboratory 

AVA I LAB I L I TY 

ANL-Code Center 

REFERENCES 

Reference 67 

CRITICAL REVIEW 

This code i s  not  appl icable to the INAP code system. 
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NAME 

NAP: Mul t igroup Time-Dependent Neutron Ac t i va t i on  P red ic t i on  Code 

- 

PROGRAM LANGUAGE 

FORTRAN I V  

APPLICABLE COMPUTER/SOFTWARE 

I EM-7090-7094 CDC-6500 

D E S C R I P T I O N  

Problem Solved 

Neutron induced gamma-ray a c t i v i t i e s  are computed f o r  use i n  t ranspor t  codes. 
Ac t i va t i on  ca l cu la t i ons  can be made f o r  s t r u c t u r a l  mater ia ls ,  reactor  coolants, 
o r  any mater ia l  exposed t o  a neutron f l ux .  Results are given i n  terms o f  
neutron f l u x ,  decay chain atom dens i t ies ,  photon emission rates,  and energy. 
The code may a l so  be used i n  the i n t e r p r e t a t i o n  o f  a c t i v a t i o n  data such as 
neutron spectra measurements o r  i so top i c  analys is .  

METHOD OF SOLUTION 

The neutron f l u x  i s  evaluated by an op t iona l  one-dimensional rnultigroup 
d i sc re te  ord inates c a l c u l a t i o n  which should be performed f o r  problems o f  
s i g n i f i c a n t  s p a t i a l  va r ia t i on .  I so top ic  s c a t t e r i n g  and sca t te r i ng  t o  the 
next  lower group on ly  are assumed. The inc ident  neutron f l u x  as a func t ion  
o f  group i s  a func t ion  o f  time through a time-dependent power l eve l .  Decay 
chains f o r  (n,y), (n,p), (n,a), and (n, 2n) reactions are determined i n  
succession. The NAP Gamma Radiat ion L ib ra ry  supplies the data o f  the rad io-  
isotope decay chains and modes o f  decay. 
are present. 

Data f o r  more than 800 isotopes 

INPUT/OUTPUT 

The input  t o  NAP consis ts  o f  the t ime and energy dependent neutron f l u x  i n  
each region, the composition o f  each reg ion and resonance s e l f - s h i e l d i n g  
parameters. The outputs are i so top ic  dens i t ies  and gamma source strengths. 

RESTRICT IONS OR LIMITATIONS 

Time steps o f  power < 50 
Decay chain steps, maximum o f  < 4 (o r  u n t i l  s tab le )  
Energy groups L 43 -- S t a t i a l  r e g i o n  < 20 
Quadrat ic  < 10 -- Mesh po in ts  < 100: 
Number o f  resolved resonances t rea ted  < 9. 

-- Time steps o f  a c t i v i t i e s  < 200. 
ETergy groups < 43 - 

- 
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NAME : NAP : (Cont i nued) - 

TYPICAL RUNNING T I M E  

Sample problem = 1.5 minutes each. 

O R I G I N A T O R  -- Contr ibutors  

I I T  Research I n s t i t u t e ,  Chicago, I l l i n o i s  

NASA George C .  Marshall Space F l i g h t  Center, Hun tsv i l l e ,  Alabama. 

AV A I LAB I L I TY 

Codes Coordinator -- Radiat ion Shie ld ing Information Center, 
Oak Ridge National Laboratory, P. 0. Box X, Oak Ridge, Tennessee, 
(Send ree l  - magnetic tape). Code Package #CCC-101 

REFERENCES 

References 68, 69, and 70 

CRITICAL R E V 1  EW 

NAP i s  the most soph is t i ca ted  a c t i v a t i o n  source program. I t  has the 
c a p a b i l i t y  t o  consider 43 neutron groups and an a r b i t r a r y  gamma group 
s t ruc tu re .  Longer i so top ic  decay chains are  considered. The data 
l i b r a r i e s  are m r e  complete and up-to-date than those o f  the o ther  
a c t i v a t i o n  codes reviewed. This code does present several d i f f i c u l t i e s ,  
however. The data tape search rout ines a re  very i n e f f i c i e n t  and would 
cause the program t o  be extremely long running on a computer l i k e  the  
7090/7094.  I n  ad jus t i ng  neutron group boundaries t o  the 43-group s t ruc-  
tu re ,  o f ten  groups a re  e l iminated.  This  rou t i ne  must be changed. The 
code does not  check f o r  X = X i n  a decay scheme although the data tape 
contains chains o f  t h i s  type. 2This causes the run t o  abort.  I n  s p i t e  of 
the above shortcomings, NAP i s  recommended f o r  use i n  the a c t i v a t i o n  code 
system i f  the UNIVAC 1108 o r  equiva lent  computer i s  used. 

1 
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NAME 

ACT I : Activation Source Strength Program ACT I 

- 

PROGRAM LANGUAGE 

FORTRAN I 1  

AQPL I GABLE COMPUTER/SOFTWARE 

I0M 7090 

DESCRIPTION 

Problem Solved 

Provides gamma radiation sources in four groups from neutron activation 
for use n radiation level and shielding calculations (e.g., by Program 14-0 
or hand) The program accurately predicts the source for thin regions and 
infinite y dilute elements in a moderator but over-estimates the source for 
penetrat ons greater than two neutron capture mean free paths. Contains 
nuclear properties (activation cross sections, isotopic fractions, decay 
constants and gamma energy yields). 
which include radioactive captures and transmutations due to fast and thermal 
neutrons. 

For 44 elements and 129 reactions, 

METHOD OF SOLUTION 

The program solves the exact differential equations governing radioactive 
isotope build-up and decay for the parent and one daughter isotope. 
code collects gamma sources for each isotope in an alloy. 

The 

The input to the program must include the density of  the irradiated alloy, 
the weight fraction of the constituent elements, the exposure and decay 
times, and the spectral adjusted neutron flux in 4 groups. 
put gives the gamma sources in 4 enerqy groups for parent and daughter of 
each radioactive isotope and sums these contributions for the element and 
alloy as a function of exposure and decay time. These sources are used in 
in a shielding program, e.g., 14-0, or  hand calculations with the component 
geometry to determine the resultant radiation level and/or shielding and 
handling requirements. ACT I is being modified to include thick materials 
and more printout options. 

The program out- 
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- AME: ACT I : (Continued) 

I MPUT/OUTPUT 

The required input i s  the 4-group neutron f l u x ,  the i s o t o p i c  dens i t j es  
o f  the mater ia ls ,  the time o f  exposure, and the times the gamma source 
i s  des i red. 
desired times i n  each o f  four  groups. 

The output  i s  the g a m  source (y - MeV/cm3 sec) a t  t he  

RESTRICTIONS OR LIMITATIONS 

isotopes w i t h  h a l f  l i v e s  less than one minute are not  included, 
Beta emissions are not  included. 
Gamma photons w i t h  energy less than 0.1 MeV are genera l ly  omit ted. .  
Neutron s e l f - s h i e l d i n g  and streaming due t o  resonances and windows are 
neglected. i t  i s  assumed t h a t  the absorber i s  t h i n  and does not d i s t o r t  
the leakage neutron spectrum. 

TYPICAL RUNNING TIME 

1.5 minutes f o r  10 elements and 50 time p r in tou ts .  

ORIGINATOR 

Westinghouse E l e c t r i c  Corporation - Astronuclear Laboratory, 
P i t tsburgh,  Pennsylvania 

AVAILABILITY 

Codes Coordinator -- Radiat ion Shie ld ing informat ion Center, Oak Ridge 
Nat ional  Laboratory, P.O. Box X, Oak Ridge, Tennessee (37830). 
Send ree l  -- magnetic tape. 

REFERENCES 

Reference 78 

CRlTDCAL R E V I E W  

The ACT I code was re jec ted  because i t  solves a very r e s t r i c t e d  problem as 
compared to  NAB. The user i s  l i m i t e d  t o  four  neutron and f o u r  gamma groups. 
The rad ioact ive decay chain i s  l i m i t e d  to the parent and 1s t  daughter isotope! 
The a c t i v a t i o n  cross sec t i on  and decay l i b r a r i e s  are ne i the r  as complete nor 
as recent as the NAP l i b r a r y .  Resonance e f f e c t s  i n  the cross sections cannot 
be included. The code i s  s e t  up t o  t r e a t  on ly  one region; i n t e g r a t i o n  w i t h  
t ranspor t  codes would be more d i f f i c u l t  than i n t e g r a t i o n  of NAP. 
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ACT I I :  An addendum t o  a c t i v a t i o n  source s t rength  program - Act I I  
A c t i v a t i o n  Gamma-Ray Source Strength Code -- Simple Geometry, F i n i t e  
D i 1 u t  ion  

PROGRAM LANGUAGE 

FORTRAN I I 

APPLICABLE COMPUTER/SOFTWARE 

IBM 7090 and 7094 

DESCRIPTION 

Problem Solved 

The ACT I I  Code was designed to determine the gamma-ray energy emission 
source s t rength  (MeV/cc-sec) i n  fou r  energy groups f o r  t h i s  o r  i n f i n i t e l y  
d i l u t e  mater ia ls ,  o r  f o r  t h i c k  o r  f i n i t e  d i l u t i o n s  as a func t i on  of neutron 
exposure and decay time. Included a re  nuc lear  p roper t ies  ( a c t i v a t i o n  cross 
sections, i so top i c  f rac t i ons ,  decay constants, and gama-ray energy y i e l d s )  
f o r  44 s p e c i f i e d  elements and 129 reactions, which include rad ioac t i ve  cap- 
tures and transmutations due to  f a s t  and thermal neutrons. Adjustments f o r  
neutron s e l f - s h i e l d i n g  have been made. 

METHOD OF SOLUTION 

ACT I I  d i f f e r s  from ACT 1 i n  a l low ing  mod i f i ca t i on  o f  the cross sect ions f o r  
t h i c k  samples. Removal o f  neutrons i s  permi t ted  f o r  groups one, two and 
three and s e l f - s h i e l d i n g  parameters may be input  fo r  groups three and four .  

ACT I I  solves the d i f f e r e n t i a l  equation descr ib ing  rad ioac t ive  bu i ldup and 
decay. The neutron f luxes  needed i n  the c a l c u l a t i o n  are entered as input  
data and may be obtained f r o m  a m u l t i - o r  few-group d i f f u s i o n  o r  t ranspor t  
code, a t  the w i l l  of ACT I I  user. Allowance i s  a l so  made f o r  the input  o f  
removal cross sect ions f o r  neutron f l u x  groups one through four ,  and fac to rs  
t o  ad jus t  the group three and four  resonance cross sections. Options are 
ava i l ab le  t o  e i t h e r  neglect o r  inc lude t a r g e t  burnup and cyc l i ng .  

INPUT/OUTPUT 

The add i t i ona l  inputs  f o r  ACT I I are the neutron cross sec t ion  mod i f i ca t i on  
parameters. 
sources. 

The output  may be e i t h e r  peak o r  s p a t i a l l y  averaged gamma 
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_I NAME: ACT I I : (Continued) 

RESTRICTIONS OR LIMITATtONS 

Isotopes w i t h  h a l f  l i v e s  less than 1 minute are no t  included. Beta 
emissions are not  included. Gamma photons w i t h  energy less than 0.1 MeV 
are genera l ly  omitted. Neutron se l f - sh ie ld ing  and streaming due t o  
resonances and windows are  neglected. It i s  assumed t h a t  the absorber 
i s  t h i n  and does no t  d i s t o r t  ;he leakage neutron 

TYPICAL RUNNING TIME 

A t w i c a l  Droblem ran 1.5 minutes f o r  10 element 

spectrum. 

,. and 50 t ime p r i n t o  
Estimated iunning t ime o f  sample problem = 3 minutes. 

ORIGINATOR 

I t s .  

Contr ibutor :  
P i t tsburgh,  Pennsylvania 

As t ronucl ear  Laboratory , West i nghouse E l e c t r i c  Corporation, 

A V A I L A B I L I T Y  

Codes Coordinator - Radiat ion Shie ld ing Informat ion Center, Oak Ridge 
Nat ional  Laboratory, P. 0. Box X, Oak Ridge Tennessee - 37830. 
Send ree l  - magnetic tape. Code Package #CCC-27 

REFERENCES 

Reference 72 

CRITICAL REVIEW 

ACT I I was re jec ted  because i t  was only s l i g h t l y  more general than ACT I 
and s t i l l  f a r  i n f e r i o r  t o  NAP. 
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NAME - 
ISgCRUNCH: 

PROGRAM LANGUAGE 

FORTRAN I I ( I  BM 7030) FORTRAN 53 (CDC 1604A) 

APPLICABLE COMPUTER/§OFTWARE 

I B M  7090 CDC 1604A 

DESCR I PT I ON 

Problem Solved 

ISPrCRUNCH can be used t o  compute the amount o f  each isotope i n  a reac t ion  and 
decay chain fo r  any spec i f i ed  neutron f l u x  and time, t o  sum the con t r i bu t i ons  
o f  various chains t o  the same isotope, t o  graph on an associated e l e c t r o p l o t t e r  
o r  calcomp the y i e l d  o f  an isotope vs. t ime f o r  a given f l u x  and t o  f i n d  the 
optimum time f o r  maximum y i e l d  of an isotope i n  a chain. The program does not  
take i n t o  account the  s e l f - s h i e l d i n g  o f  a ta rge t  i n  a reactor  o r  the dependence 
o f  reac t ion  cross sections on neutron energy which can be handled by ad jus t i ng  
the input  data. 

METHOD OF SOLUTION 

The amount o f  each isotope i n  a given reac t ion  and decay chain i s  computed 
from the  exact a n a l y t i c a l  s o l u t i o n  o f  the Bateman equations, which describe 
such processes. The graphica l  op t i on  o f  t h i s  program uses a p l o t t i n g  sub- 
rou t i ne  w r i t t e n  f o r  the Genson-Lehner Model J E l e c t r o p l o t t e r  (7090) o r  ca l -  
comp p l o t t e r  (1604A). 
isotope i s  accomplished by a gradient  search subroutine. 

Opt imizat ion o f  the time f o r  maximum y i e l d  o f  an 

RESTR I CT I.ONS 0 R L I M I TAT I ON§ 

This program w i l l  handle up t o  50 isotopes i n  a chain and sum selected 
isotopes up t o  10 chains. 

TYPICAL RUNNING T I M E  

I B M  7090 = the running t i m e  on the computer can only  be estimated as about 
3 seconds per  isotope times the number o f  nonzero I n i t i a l  Concentrations. 
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- NAME : 1 SQCRUNCH : (Cont i nued) 

0 R I G I M AT0 R 

Oak Ridge National Laboratory, Oak Ridge, Tennessee 

AVAILABILITY 

Oak Ridge National Laboratory, P. 0. Box X ,  Oak Ridge, Tennessee. 

REFERENCES 

References 74, 75, and 76 

CRITICAL REVIEW 

Th is  code was rejected because i t  can consider only one neutron group 
and therefore can be applied t o  a very res t r ic ted  class of problems. 
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BREMRAD: Bremsstrahlung Code 

PROGRAM LANGUAGE 

FORTRAN 

APPLICABLE COMPUTER/SOFTWARE 

I B M  7090 and 7094 

DESCR I PT I ON 

Problem Solved 

BREMRAD was developed t o  ca l cu la te  bremsstrahlung spectra fo r  a t h i c k  
ta rge t  f o r  use i n  sh ie ld ing  ca lcu la t ions .  

METHOD OF SOLUTION 

In te rna l  bremsstrahlung i s  def ined to be rad ia t i on  emi t ted when a beta 
p a r t i c l e  leaves a nucleus. When a beta p a r t i c l e  i s  absorbed,the r a d i a t i o n  
i s  c a l l e d  ex terna l  bremsstrahlung. For each proton energy -- the output 
contains the number o f  photons per  beta from in te rna l  bremsstrahlung, 
and from ex terna l  bremsstrahlung w i t h  up t o  four  atomic absorbers m u l t i -  
p l i e d  by the photon energy i n t e r v a l  spec i f i ed  as input .  There i s  an 
o p t i o n  f o r  ob ta in ing  the r e s u l t s  i n  d i f f e r e n t  un i ts .  

RESTRICTIONS O R  LIMITATIONS 

None ava i l ab le  a t  t h i s  time. January 1966 

TYPICAL RUNNING TIME 

Running time esttmated f o r  a t y p i c a l  problem: 3 minutes 

0 R I G 1 NATO R 

Contr ibutor  -- Chemical Laboratory, B a t t e l l e  Northwest, Richland, Washington 
Hanford Atomic Products Operation, Richland, Washington. 

AVAILABILITY 

Codes Coordinator - Radiat ion Shie ld ing Information Center 
ORNL - P.O. Box X, Oak Ridge, Tennessee 37830. 
(Send ree l  o f  magnetic tape) Code Package # C C C - 3 1  
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NAME 

BREMRAD: (Con t i nued) 

- 

REFERENCES 

Reference 77 

C R I T I C A L  R E V I E W  

This code i s  not appl icable t o  the present INAP code system. I f  
bremsstrahlung i s  inc luded i n  teh system, BREMRAD can then be con- 
sidered. 
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NAME - 
NAC: Neutron Ac t i va t i on  Code 

PROGRAM LANGUAGE 

FO RT RAN 

APPLICABLE COMPUTER/SOFTWARE 

Not noted. 

D E S C R  1 PT I ON 

P rob 1 em So 1 ved 

NAC i s  a computer program designed t o  p r e d i c t  the neutron-induced gamma- 
ray r a d i o a c t i v i t y  f o r  a wide va r ie t y  o f  composite mater ia ls .  I t  i s  a 
s i m p l i f i e d  vers ion o f  the NAP program. 

METHOD OF SOLUTION 

The induced a c t i v i t y  i s  ca lcu lated as a funct ion of  the dura t ion  o f  neutron 
exposure and the decay times. 
of t a rge t  atom burn-up can a l so  be evaluated. 
per -un i t  volume, per -un i t  mass, o r  f o r  the t o t a l  mass o f  the composite 
mater ia l ,  depending on the input  spec i f i ca t i on .  

The e f f e c t s  o f  c y c l i c  neutron exposure and 
The a c t i v i t y  i s  ca lcu la ted  

I NPUT/OUTPUT 

The input  cons is ts  o f  mater ia l  proper t ies,  neutron f luxes,  i r r a d i a t i o n  
time h i s t o r y ,  and times tha t  the gamma source i s  desired. The outputs are 
the gamma source s t rength  and i so top ic  dens i t ies .  

RESTRICTIONS OR LIMITATIONS 

Each composite mater ia l  may cons is t  of  up t o  20 d i f f e r e n t  elements and up to  
20 d i f f e ren t  decay times may be included. The number o f  d i f f e r e n t  mater ia ls  
t h a t  can be analyzed dur ing a s i n g l e  computer "run" i s  l i m i t e d  on ly  by the 
machine t ime ava i lab le .  A l l  react ions f o r  each element f o r  which cross 
sect ions were ava i l ab le  are included i n  the  NAC L ib rary .  There are some 
exclusions: Reactions which have products having h a l f - l i v e s  less than about 
one minute and products which are not  gamma emi t ters .  The dose r a t e  con- 
t r i b u t i o n s  of Alpha and Beta p a r t i c l e s  are not included. 
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- NAME: NAC: Neutron A c t i v a t i o n  Code (Continued) 

TYPICAL RUNNING T I M E  

Three mater ia ls  were analyzed i n  a s i n g l e  computer run and execution 
t i m e  was 0.14 minutes. 

OR I 6  I PBATOR 

MASA/Lewis Research Center - Cleveland, Ohio 

AVAl LAB I L I T Y  

IdASA/Lewis Research Center - Cleveland, Ohio 

REFERENCES 

Reference 73 

CRITICAL REVIEW 

The NAC code has been c o n d i t i o n a l l y  passed pending a decis ion on the 
computer. The NAP code i s  extremely i n e f f i c i e n t  i n  r e t r i e v i n g  data from 
the 2 data tapes. For example, a problem which required 2 minutes of 
cen t ra l  processor time used over 40 minutes o f  per iphera l  ( I / O )  time. 
If the 7094 computer i s  chosen, a s i m i l a r  run would t ie-up the computer 
f o r  an hour. For t h i s  reason, i t  was decided t h a t  a back-up code to NAP 
should be kept i n  content ion f o r  poss ib le  use i n  a 7094 code system. 
MAC i s  super ior  t o  ACT f o r  the f o l l o w i n g  reasons: the data l i b r a r y  Is 
more complete and more recent, an a r b i t r a r y  gamma group s t r u c t u r e  can be 
used, a longer i s o t o p i c  decay chain i s  considered and i t  would be eas ier  
t o  i n teg ra te  w i t h  o the r  codes t o  form a code system because treatment 
of m u l t i p l e  source regions i s  easier.  
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NAME 

AGN-S I GMA 
- 

PROGRAM LANGUAGE 

For t ran I I 

APPLICABLE COMPUTER/SOFTWARE 

IBM 7090/94 

DESC R I PT I OM 

Prob lem Solved 

AGN-SiGMA i s  used t o  ca l cu la te  the Legendre components of the mu1 t i g roup  
t rans fer  matrices, f o r  fast neutrons. Reactions considered are e l a s t i c  
sca t te r ing ,  i n e l a s t i c  sca t te r i ng  ( l e v e l  e x c i t a t i o n  and the evaporat ion 
model) and the (n,Zn) react ions ( f i v e  decay models). The code i s  a lso  
used t o  ca lcu la te  group averaged cross sect ions as w e l l  as t o  manipulate 
e.g., add, mu l t i p l y ,  etc., the output matrices. The neutron spectrum 
may be a combination o f  f i s s i o n  and 1 /E  o r  a r b i t r a r y  input  da ta .  

METHOD OF SOLUTION 

?he in tegra t ions  r e s u l t i n g  from the  l e v e l  e x c i t a t i o n  and evaporation 
models and the  (n,2n) reac t ion  models a re  performed by an i t e r a t i v e  
Simpson's r u l e  i n t e g r a t i o n  scheme t o  ob ta in  the t rans fe r  matr ix ,  cross 
sec t ion  conversion, and average cross sec t ion  generation. When double 
and t r i p l e  i n teg ra l s  are requi red the code makes use o f  a p a r a l l e l  method 
t o  save time. 

INPUT/OUTPUT 

The input  required spec i f i es  the problem type, cross sect ion data, energy 
bands, etc.  Output cons is ts  o f  the  t rans fe r  matr ix ,  group cross sect ions 
and cross sec t ion  converter data. 

RESTR I C? I ONS OR L 1 M I TAT 1 ONS 
The ca l cu la t i on  i s  l i m i t e d  t o  100 groups and 50 groups downscatter. 

TYPICAL RUNNING T IME 

Computer time f o r  complex problems may vary from several minutes ( s c a t t e r i n g  
react ions)  up t o  an hour ( the (n,2n) reac t ion) .  

ORIGINATOR 

Aero j e  t-Gene r a  1 Nucleon i cs 

AVA I CAB I L ITY 

Aerojet-General Nucleonics 
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- MAWE : AGN-S I GMA (Continued) 

REFERENCES 

Reference 78 

C R  liT 1 CAL REV I EW 
This code does not handle the reactions needed for  the NAP cross section 
library. i t  I s  also time consuming. Therefore, i t  should not be con- 
sidered as an updating code. 
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NAME 

MUG: 
- 

A Program for Generating Mult igroup Photon Cross Sections 

PROGRAM LANGUAGE 

For t ran I V  

APPLICABLE COMPUTEfVSOFTWARE 

IBM 7090, 360 

DESCRIPTION 

Problem Solved 

MUG generates mult igroup photon cross sect ions w i t h  t r a n s f e r  coe f f i c i en ts  
represented by a Legendre approximation su i tab le  fo r  use i n  d i s c r e t e  
o rd ina te  t ranspor t  codes. 

METHOD OF SOLUTION 

The s c a t t e r i n g  cross sections and moments are computed by numerical in-  
t eg ra t i on  o f  the Klein-Nishma expressions f o r  the photon cross sect ion.  
The photo e l e c t r i c  and p a i r  product ion absorption cross sect ions are 
obtained by semi-logarithmic i n t e r p o l a t i o n  o f  po in t  data from the OGRE 
1 i b r a r y  tape. Tissue dose fac to rs  are s i m i l a r l y  obtained. 

I NPUT/OUTPUT 

Problem spec i f i ca t i ons  such as number o f  groups, energy boundaries and 
order o f  approximation are required. 
p r i n t e d  and punched s u i t a b l e  f o r  use i n  AN lSN and DOT. 

Output consists o f  the cross sections 

TYPICAL RUNNING T IME 

Estimated t ime for P cross sect ions f o r  10 groups 1.5 minutes (Sample 
P rob 1 em) 3 

0 R I G 1 N AT 0 R 

Union Carbide Corporation Nuclear Div is ion,  P.O. Box P, Oak Ridge, Tennessee 

AVA I LAB I L I TY 

Oak Ridge Nat ional  Laboratory, Radiat ion Shie ld ing Informat ion Center, 
P.O. Box X, Oak Ridge, Tennessee. Code Package #PSR-7 

REFERENCES 

References 79 and 80 

CRITICAL REVIEW 

This code is f o r  generat ion o f  photon cross sections and is  therefore, not  
app l i cab le  t o  the system. 
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NEUTRON REACTION CROSS SECTION DATA L IBRARIES 

NAME 

ENDF/B 
- 

AGENCY 

Brookhaven Nat ional  Laboratory 
_s_ 

REFERENCES 

References 81 and 82 

CRITICAL REVIEW 

The ENDF/B l i b r a r y  was developed t o  provide cross sect ions f o r  nuclear 
reactor  and sh ie ld ing  ca lcu la t ions .  The s i x  react ions which are most 
important f o r  neutron a c t i v a t i o n  are (n,y), (n,y) isomeric, (n,p), 
( n , a r ) ,  (n,2n) and (n,2n) isomeric. Other react ions which are o f  secon- 
dary importance inc lude (n,3n), (n,d) (n,t),  (n,Me3) (n,2a), e tc .  
The ENDF/B l i b r a r y  does not  d i s t i ngu ish  the  s ta te  o f  the product nucleus 
and thus the (n3y)  and (n,y) isomeric cross sect ions are combined as a 
s ing le  cross sect ion as are the (n,2n) and (n,2n) isomeric react ions.  
These cross sect ions must be separated f o r  an accurate a c t i v a t i o n  calcu- 
l a t i o n  and thus the data l i b r a r y  must be supplemented by other  data 
sources. 

The data l i b r a r y  contains smoothed pointwise cross sec t ion  data over  a 
wide range o f  energies. I t  a lso  contains resolved and unresolved 
resonance parameters t o  ca lcu la te  the cross sect ion i n  these energy 
regions. 
sect ions i n  a mult igroup format. There i s  s u f f i c i e n t  data i n  the  l i b r a r y  
t o  a1 low mu1 t ig roup averaging. 
not needed f o r  an a c t i v a t i o n  ca lcu la t ion ,  mult igroup averaging i s  s impler  
f o r  a c t i v a t i o n  than f o r  neutron transport .  

The EP\IDF/B l i b r a r y  contains data for  most reactor  mater ia ls .  For 
reactor  c r i t i c a l i t y  and sh ie ld ing  ca lcu la t ions ,  most cross sect ions can 
be spec i f ied  for  na tura l  elements. Only the f u e l  and f i s s i o n  products 
must have cross sect ions spec i f l ed  by isotope. I n  an a c t i v a t i o n  calcu- 
l a t i o n  each isotope must be consrdered separately and thus separate cross 
sections f o r  each isotope are required. The ENDF/B l i b r a r y  contains 
on ly  elemental cross sect ions f o r  most s t r u c t u r a l  mater ia ls .  An example 
o f  t h i s  i s  i r o n  w i t h  four n a t u r a l l y  occurr ing isotopes. 

For an a c t i v a t i o n  code system i t  i s  des i rab le  t o  have cross 

Since sca t te r i ng  t rans fe r  matr ices a re  
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- NAME: ANDF/B (Continued) 

I n  summary ENDF/B cannot provide a complete set  of a c t i v a t i o n  cross 
sect ions due to the fo l l ow ing  reasons: cross sect ions fo r  the for -  
mation o f  exc i ted  s tates o f  the product nucleus are not dist inguished, 
data for  a l l  elements are not  included and much o f  the data are 
speci f ied by element ra ther  than isotope. When data are present on 
the ENDF/B f i l e  i t s  completeness and format make i t  p a r t i c u l a r l y  use- 
f u l  f o r  generation o f  mult igroup a c t i v a t i o n  cross sections. 
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NAHE 

GGC-X 
IC 

PROGRAM LANGUAGE 

For t ran I V  

APPLICABLE COMPUTER/SOFTWARE 

COG 6600, UNIVAC 1108 

D E S C R I P T l O N  

Problem Solved 

The GGC-X program solves the mul t igroup spectrum equations w i t h  s p a t i a l  
dependence represented by a s ing le  p o s i t i v e  input  buck l ing to  produce 
averages. Broad group cross sect ions (shielded or unshielded) f o r  
d i f f u s i o n  and t ranspor t  codes. 
sect ions may o r  may no t  be adjusted by performing a resonance i n t e g r a l  
ca lcu lat ion.  

The f i n e  group absorpt ion and f i s s i o n  cross 

METHOD OF SOLUTION 

I n  the fast  region the  P 1 ,  81, 82, or 83 approximation 
t ranspor t  equat ion using the pos i t i ve ,  energy-dependent 

s made to the 
buck 1 i ng. 

I n  each approximation Legendre moments o f  the  angular f ux are computed by 
d i r e c t  numerical i n teg ra t i on  o f  t he  s lowing down equations. I n  the reso- 
nance ca lcu la t ions ,  doppler broadened (a t  an input  temperature) abosrpt ion 
and sca t te r i ng  cross sect ions are used. The resonance treatment al lows t w o  
admixed moderators i n  an absorber lump imbedded i n  a surrounding moderator. 
The absorber i n  the lump i s  t reated by us ing  e i t h e r  the  narrow resonance 
approximation. The narrow resonance i n f i n i t e  mass approximation, o r  a 
so lu t i on  of the slowing down i n t e g r a l  equations t o  determine the c o l l i s i o n  
densi ty  through the resonance. The admixed moderators are t rea ted  by 
using e i t h e r  an asymptotic form o f ,  o r  an i n t e g r a l  equat ion s o l u t i o n  fo r ,  
the c o l l i s i o n  densi ty.  I n  the resonance ca l cu la t i on  e i t h e r  standard geometry 
c o l l i s i o n  p r o b a b i l i t i e s  are s e d  or tab les o f  c o l l i s i o n  p r o b a b i l i t i e s  are 
entered. Dancoff correct ions can a lso  be made. I n  the region o f  unresolved 
resonances, resonance absorpt ion i s  ca lcu la ted  by using Porter-Thomas d i s t r i -  
butions, bu t  on l y  S-wave neutrons are considered. I n  the  thermal region 
e i t h e r  the BO, B 1 ,  PO, o r  P1  approximation t o  the t ranspor t  equat ion i s  made, 
and i n  a l l  opt ions Legendre moments o f  the angular f l u x  are computed. A 
t rapezodial  energy i n t e g r a t i o n  mesh i s  used t o  solve the r e s u l t i n g  equations 
i t e r a t i v e l y  by using a source-normalized, over-relaxed, gaussian technique. 
Averages over broad groups are performed by simple numerical in tegra t ion .  

INPUT/OUTPUT 

The nuc l ide  concentrat ions,  the temperature, an energy independent buck l ing,  
se l f -sh ie ld ing  factors,  and spec i f i ca t ions  of  the qeometry used i n  the 
resonance i n t e g r a l  ca lcu la t ions ,  together w i t h  the bas ic  data tape, form the 
input, The output cons is ts  of the averaged broad group cross sections. 
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- NAME : GGC-X (Con t i nued) 

RESTRICTIONS OR LIMITATIONS 
~~ 

No up sca t te r  i n  the f a s t  region. L im i t s  e x i s t  on the problem size.  

TYPICAL RUNNING TIME 

Var iab le depending on the  problem. 

OR1 GI NATOR 

Gulf  General Atomics 

AVA I LAB I L I TY 

Argonne Code Center, Argonne Nat ional  Laboratory 

REFERENCES 

References 83, 84, 85, and 86 

CRITICAL REVIEW 

This i s  a very extensive code and probably t r e a t s  the ca l cu la t i on  i n  the 
most soph is t i ca ted  manner. However, i t  i s  no t  o r ien ted  toward the a c t i -  
va t i on  cross sections, bu t  toward the t o t a l  t ranspor t  cross sect ions.  
The a c t i v a t i o n  react ions are op t iona l  for  the ca lcu la t ions  and when input  
are t rea ted  by the code. 
should be considered i n  any update codes for [NAP. 

The resonance treatment i s  q u i t e  extensive and 
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NAME 

GAMLEG/GAMLEG X A For t ran Code t o  Produce Mult igroup Cross Sections fo r  
Photon Transport Calcu lat ions 

q_ 

PROGRAM LANGUAGE 

For t ran I V  

APPLICABLE COMPUTER/SOFTWARE 

l B M  7030 (STRETCH) 

DESCR I P.7' I ON 

P rob 1 em So 1 ved 

The GAMLEG code generates Legendre components o f  the photon s c a t t e r i n g  
cross sect ion and ca lcu lates absorption, f luorescence, and group-to-group 
t ransfer  cross sections. 

METHOD OF SOLUTION 

The s c a t t e r i n g  cross sect ions and moments a re  computed by numerical in- 
teg ra t i on  of the Klein-Nishima expressions f o r  the photon cross sections. 
L inear  i n t e r p o l a t i o n  i s  used t o  o b t a i n  po in ts  not  g iven f o r  the numerical 
i n t e g r a t i o n  for  the group averaged cross sections. 

I NPUT/OUTPUT 

The required input i s  absorption, coherent scat ter ing,  source, and f l u x  
data. Output consists o f  cross sect ions i n  a form s u i t a b l e  for input to  
the Los Alamos DTF and DDF t ranspor t  codes. 

RESTRICTIONS OR LIMITATIONS 

Prof1 igate use was made o f  storage, and the program as w r i t t e n  w i l l  no t  
load i n t o  a 32,000 word memory. This d i f f i c u l t y  i s  remedied simply by 
r e w r i t i n g  the common statement, a t  the cost, however, o f  reducing the 
c a p a b i l i t y  o f  the program. As w r i t t e n ,  the program w i l l  provide up t o  
100-group cross sect ions f o r  up t o  s i x  Legendre moments f o r  each of an 
un l im i ted  number o f  elements. 

8 

? 

TYPICAL RUNNING TIME 

S i x  Legendre components were ca lcu lated for each o f  f i v e  elements. One 
hundred i n t e g r a t i o n  h t e r v a l s  were used i n  each o f  the t h i r t e e n  groups. 
The e n t i  re  problem required one minute and fi f t y - e i g h t  seconds. 

OR I G I NATOR 

Los Alamos S c i e n t f f i c  Laboratory 
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- NAME : GAMLEWGAMLEG X (Con t i nued) 

AVA 1 LAB 1 L IT\( 

Not speci f ied 

REFERENCES 

Reference 87 

CRITICAL REVIEW 

GAMLEG i s  used t o  ca lculate  photon transport cross sections and i s ,  
therefore, not appl icable t o  the NAP a c t i v a t i o n  cross sections. 
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NEUTRON REACTION CROSS SECTION DATA LIBRARIES 

AGENCY 

Lawrence Radiat ion Laboratory 

REFERENCE 

Reference 88 

CRITICAL REVIEW 
The LRL data f i l e  i s  q u i t e  s i m i l a r  t o  ENDFJB. I n  
contain the same data f o r  the same elements. The 
i s  in the treatment of resonance cross sect ions.  
smooth and resonance cross sect ions are presented 

general, the f i l e s  
major d i f f e rence  
.In ENDF/B the 
separatelv wh i l e  on 

LRL the cross sections are simply tabulated. 
ENDF/B f i l e  b e t t e r  s u i t e d  for  preparat ion o f  mult igroup cross sect ion 
sets. In a l l  other respects the comments made about the ENDF/B l i b r a r y  
apply t o  the  LRL l i b r a r y .  

This f a c t  makes the 
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NEUTRON REACTION CROSS SECTtON DATA LIBRARIES 

NAME 

AWRE 
_c 

AGENCY 

Uni ted Kingdom Atomic Energy Au tho r i t y  

REFERENCE 

Reference 89 

CRITICAL REVIEW 

The AWRE data l i b r a r y  i s  s i m i l a r  I n  s t r u c t u r e  t o  ENDF/B. The d i s -  
advantages o f  t h i s  f i l e  f o r  a c t i v a t i o n  cross sections are twofold. 
F i r s t  i s  i t s  age and second i s  t h a t  most cross sect ions are f o r  
na tu ra l  elements ra the r  than i n d i v i d u a l  isotopes. One advantage i s  
t h a t  (n,2n) and (n,2n) isomeric react ions are considered separately. 
Much of the data has been incorporated into the ENDF/B l i b r a r y .  
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NAME 

SUPERTOG: A Program t o  Generate Fine Group Constants and P Scat ter ing 
II_ 

n Matrices f r o m  ENDFIB. 

PROGRAM LANGUAGE 

Fo r t ran 

APPLICABLE COMPUTER/SOFWARE 

IBM 360, CDC 6600 

DESCR I PT I ON 
Problem Solved 

SUPERTOG accepts nuclear data i n  e i t h e r  a p o i n t  by p o i n t  o r  parametric 
representat ion as spec i f i ed  by ENDFIB. 
spec i f ied group width. The e x p l i c i t  assumption i s  made t h a t  the f l u x  per 
u n i t  lethargy i s  constant o r  t h a t  a s u i t a b l e  weight f unc t i on  w i l l  be 
suppl ied by the user. When resonance data i s  ava i lab le,  resolved and un- 
resolved resonance con t r i bu t i ons  are ca lcu lated and used as speci f ied by 
input options. Fine group constants such as one-dimensional react ion arrays 
(absorption, f i s s i o n ,  e tc . ) ,  P e l a s t i c  s c a t t e r i n g  matrices, and i n e l a s t i c  
and (n,2n) sca t te r i ng  matricesnare generated and placed on tapes i n  formats 
s u i t a b l e  f o r  use by the GAM-I, G A M - I I ,  ANISN, or DOT programs. 

This data i s  averaged over each 

METHOD OF SOLUTION 

The s ing le - l eve l  Breit-Wigner formalism i s  used f o r  c a l c u l a t i o n  o f  cross 
sect ions i n  the resolved resonance region. Cross sect ions i n  the unresolved 
resonance region are computed by tak ing  averages over s u i t a b l e  Porter-Thomas 
d i s t r i b u t i o n s  o f  the neutron and f i s s i o n  widths. Smooth cross sect ions are 
ca lcu lated by i n t e g r a t i o n  o f  point-cross-sect ion data g iven i n  ENDFIB f i l e  
3 .  E l a s t i c  sca t te r i ng  matrices are computed from Legendre c o e f f i c i e n t s  of 
the sca t te r  i ng angu 1 ar-d i s tr i but  ion data. I nelas t i c s c a t t e r  i ng and (n ,2n) 
matrices are computed from e x c i t a t i o n  funct ions f o r  i n d i v i d u a l  leve ls  and 
by using a nuclear evaporation model above the region o f  resolved levells. 

I NPUT/OUTPUT 

Input required i s  the problem spec i f i ca t i ons  such as number o f  groups, energy 
boundaries and order o f  approximation i n  a d d i t i o n  t o  the ENDF/B data tape. 
Output are group averaged cross sections. 

R E S T R I C T I O N S  OR LIMITATIONS 

SUPERTOG uses f ixed rather  than va r iab le  dimensioning and therefore i s  
l im i ted .  However, i t  does not  appear too r e s t r i c t i u e .  

TYPICAL RUNNING T IME 

Average o f  12m"nutes per nuc l ide on IBM 360. 
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NAME : SUPERTOG (Cont i nued) 
_s 

ORIGINATOR 

Oak R i  dge Nat ional  Laboratory 

AWA I LAB I L 1 TY 

Argonne Code Center, Argonne Nat ional  Laboratory - Radiat ion Shie ld ing 
Information Center, Oak Ridge Nat ional  Laboratory, Code Package # P S R - 1 3 .  

REFERENCE 

Reference 90 

CRITICAL REWIEW 

This  code can be h e l p f u l  i n  reducing a ENDF/B data set  t o  a group averaged 
cross sect ion set. The ind i v idua l  capture react ions are t reated and col- 
lapsed, although they represent a secondary output o f  the code. The only 
l i m i t a t i o n  t o  the extent  o f  the react ions are those on the E N D F f B  tape. 
A l s o ,  there does e x i s t  the a b i l i t y  t o  consider card input  cross sect ions.  
This  code is recommended f o r  use i n  a poss ib le  update of  the !NAP data 
1 i brary.  
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NAME 

MC2 
- 

PROGRAM LANGUAGE 

3600 Fortran 

APPLICABLE COMPUTER/SOFTWARE 

CDC 3600 

DESCRIPTION 

P rob 1 em Sol  ved 

MC i s  used t o  ca l cu la te  mult igroup cross sect ions using an evaluated 
nuclear data f i l e  (ENDF) su i tab le  f o r  d i r e c t  use by neutronics codes 
wi thout  performing a n c i l l a r y  ca lcu lat ions.  

2 

METHOD OF SOLUTION 

Cross sect ions i n  the resolved resonance region are ca lcu la ted  using 
Doppler-broadened l i n e  shapes w i t h  an equivalence r e l a t i o n  t o  account f o r  
heterogenei t ies.  
and the in ter ference w i t h  over lapping resonance i n  other  isotopes are 
allowed. Cross sect ions i n  the unresolved resonance region are computed by 
tak ing  averages over su i tab le  Porter-Thomas d i s t r i b u t i o n s  o f  the neutron 
and f i s s i o n  widths. The program does the ca lcu la t ions  f o r  both S- and P- 
wave neutrons and includes a sumnation over sp in  s ta tes  i n  each case. 
program a lso  permits energy v a r i a t i o n  of the f i s s i o n  and reduced neutron 
widths over the unresolved region. The Doppler l ine-shape funct ions are 
obtained from in te rpo la t i on  i n  a p rev ious ly  generated tab le  o f  the corhplex 
p r o b a b i l i t y  i n t e g r a l .  Outside the range of the tab le,  var ious a n a l y t i c a l  
approximations are  u t i l i z e d  consis tent  w i t h  the value o f  the argument. 
Quant i t ies  smoothly vary ing w i t h  respect to energy are represented i n  the 
l i b r a r y  by the coordinates o f  end pa in ts  o f  l i n e a r  segments. Since the 
quan t i t i es  tabulated are then l i n e a r  funct ions o f  the energy. They may be 
e a s i l y  in tegrated a n a l y t i c a l l y ,  using an assumed f l u x  shape, t o  ob ta in  a 
su i tab le  average over a f i n e  group o f  a r b i t r a r y  width. 
and N,2N matr ices are computed from e x c i t a t i o n  functions f o r  i nd i v idua l  l e v e l s  
and by using a nuclear evaporation model above the region o f  resolved levels .  
E l a s t i c  sca t te r i ng  and t ranspor t  cross sect ions are computed from Legendre 
coef f i c ien ts  f o r  theexpansions o f  the sca t te r i ng  angu la r -d i s t r i bu t i on  data. 
The fundamental-mode weight ing spectrum may be ca lcu lated i n  e i t h e r  the 
ord inary P I  approximation o r  the consis tent  P1 o r  B1 approximations. I t e r -  
a t i o n  on buck l ing  to c r i t i c a l i t y  may be performed, i f  desired. 

The in ter ference between resonance and po ten t i a l  s c a t t e r i n g  

The 

I n e l a s t i c  s c a t t e r i n g  

I NPUTt’OUTPUT 

Input required i s  the energy group s t ruc tu res ,  geometry opt ion,  and general 
problem spec i f i ca t i on .  The ENDF data i s ,  of course, a l so  required. Output 
cons is ts  o f  group arran ed cross sect ions,  sca t te r i ng  ma t r i x  and the 
re la ted  quanti  t i e s .  
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- NAME : MC2 (Cont f nued) 

RESTRl CT I ONS OR LIMITATIONS 

Code i s  r e s t r i c t e d  t o  the P I  o r  B1 expansion, 22 brand groups, 60 f i n e  
groups and 1800 u l t r a f i n e  groups. Code i s  i n  CDC 3600 over lay config- 
u r a t  ion. 

TYPICAL RUNNING TIME 

Typica l  l a rge  f a s t  reactor composition requires 15 t o  80 minutes o r  
C DC- 3600. 

Argonne Nat ional  Laboratories 

AVAILABILITY 

Argonne Code Center 
Argonne Mat i onal Laborator ies 

REFERENCES 

References 91 and 92 

CRITICAL REVIEW 

This code i s  q u i t e  extensive. However, i t  doesn't  consider the a c t i v a t i o n  
ca l cu la t i ons  i n  enough d e t a i l  to  be usefu l .  The resonance c a l c u l a t i o n  as 
t rea ted  can perhaps be used as a model f o r  such a resonance c a l c u l a t i o n  f o r  
an. INAP update code. 
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NA 

LAPH 
- 

P El ~ ~ G U A G E  

For t ran I V  

APPLICABLE COMPUTER/SOfTWARE 

The LAPH code re t r i eves  photon product ion cross sect ions o r  photon pro- 
duct ion m u l t i p l i c i t i e s  and corresponding neutron i n t e r a c t i o n  cross sect ions 
from ENDF/B (Evaluated Nuclear Data F i  le/B) and appl ies s u i t a b l e  we igh t ing  
functions over G spec i f i ed  photon groups and N s p e c i f i e d  neutron broad 
groups t o  const ruct  a G x N photon product ion matr ix.  

METHOD OF SOLUTION 
Pointwise cross sect ions are f i r s t  in tegrated over each photon energy 
group w i t h  constant o r  d i r e c t  energy weighting, and then over each neutron 
f i n e  group w i t h  constant or d i r e c t  energy weighting, and then over each 
neutron f i ne  group w i t h  constant weighting. Wi th in  each neutron broad 
group, the a r b i t r a r y  f ine-group weight ing funct ions are read from input.  
The resonance f ine-group i n t e r a c t i o n  cross sect ions and weight ing funct ions 
are a lso read as input. Macroscopic photon product ion and photon energy 
product ion matrices are then computed. As an opt ion,  s p a t i a l l y  dependent 
photon source vectors for  t ranspor t  ca l cu la t i ons  can be generated by using 
input sca lar  neutron f l u x  vectors. M u l t i p l e  zones can be accomodated w i t h  
separate weight ing funct ions f o r  each zone. D i f f e r e n t  mater ia ls  and reac- 
t i o n  types f o r  which photon product ion matrices are des i red can be specl- 
f l e d  f o r  each zone. 

INPUT/OUTPUT 

inputs are the normal problem spec i f i ca t i ons  such as group s t ruc tu re ,  
mater ia ls  and geometry and the ENDF/B data f i l e .  
6 x N photon product ion matr ix .  

Output consists of the 

RESTRICTIONS OR LIMITATIONS 

Code i s  r e s t r i c t e d  by the problem t o  remain w i t h i n  the  machine. 

RASL 
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- NAME : LAPH (Continued) 

AVAILABILITY 

Radiation Shielding Information Center, Oak Ridge National Laboratory, 
Oak Ridge, Tennessee 

REFERENCES 

Reference 93 
CRITICAL REVIEW 

Th is  code i s  not applicable to the \NAP act ivat ion cross sections. I t  
also requires another code t o  handle the resonance calculations. 
the code does not warrant consideration for  future NAP updating. 

Therefore 

NASA-MSFC 


